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1. Introduction 

This report documents the levels of PCBs (polychlorinated biphenlys), cadmium, 
chromium, copper, and lead measured in four seafood species caught in New Bedford Harbor and 
surrounding Buzzards Bay in southeastern Massachusetts in 2002. This seafood monitoring 
program is part of the ongoing PCB cleanup program for the New Bedford Harbor (NBH) 
Superfund site, and was a collaborative effort involving the MA Department of Marine Fisheries 
(DMF), the MA Department of Environmental Protection, (DEP) and the U.S. Environmental 
Protection Agency-New England Region (EPA). 

Due to the identification of high PCB levels in area seafood, the MA Department of 
Public Health in 1979 promulgated regulations restricting seafood consumption in three closure 
areas in and around NBH (Figure 1). NBH was subsequently listed as a Superfund site in 1983. 
Approximately 46,000 cubic yards (cy) of the most highly PCB-contaminated subtidal and 
shoreline sediments have been remediated to date, and the start of the cleanup program's full 
scale dredging program of roughly 860,000 cy is slated for fall 2004. Consistent with the 1998 
Record of Decision (ROD) for the site, this seafood monitoring program will aid in the 
evaluation of the overall effectiveness of the harbor cleanup, as well as assist in the 
implementation of institutional controls and seafood restrictions. 

2. Seafood Monitoring Program Design 

Based on previous investigations and risk assessments performed for the NBH site, four 
species were selected for this monitoring program that are considered locally caught seafood and 
which bracket potential worse case tissue levels. These four species are lobster (Homarus 
americanus), winter flounder (Pleuronectes americanus), quahog (i.e., hard shelled clam, 
Mercenaria mercenaria} and American eel (Anquilla rostratd) The goal of this seafood 
monitoring program is to acquire annual collections of all species (preferably in pre-spawning 
condition) in sufficient numbers from all three closure areas to enable statistical comparisons 
between them. 

To meet this goal, the monitoring design calls for five replicate composite samples for 
each of the four species from each of the three closure areas. Ideally, this would result in a total 
of sixty samples for analysis of PCBs and metals. For winter flounder, lobster and eel, each 
composite sample would consist of three legally harvestable organisms and for quahog the 
composite would consist of one dozen legally harvestable organisms. The number of composites 
was determined according to Sokal and Rohlf (1995) using the coefficient of variation (c.v.) from 
the DMF's 1995 lobster sampling program in Area III (mean =1.3 ppm, standard deviation = 
0.28, c.v. = 22%). The significance level used was 5% and the probability that the significance 
will be found if it exists was set at 90%. Based on the known levels of PCBs in NBH seafood, 
there is a high likelihood of detecting PCB concentrations that are 50% different between each 
closure area. 

In addition to comparing the results of this monitoring to past and future seafood 
monitoring results, the results of this seafood monitoring program will be compared to the 
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current U.S. Food and Drug Administration's (FDA's) criteria for PCBs in commercial seafood 
of 2 parts per million (ppm). It was exceedances of the FDA criteria in NBH seafood which 
prompted promulgation of the state's seafood closure areas in 1979 (the FDA criteria at that time 
was 5 ppm). In addition to comparisons to the current FDA level, and as explained in the 1998 
ROD, EPA will compare the results of the seafood monitoring program to a site-specific 
threshold of 0.02 ppm PCBs. This 0.02 ppm PCB level was developed to ensure the protection 
of local residents whose seafood consumption might include seafood caught mostly if not 
entirely from NBH. This 0.02 ppm PCB level was calculated to represent a one-in-one-hundred­
thousand chance that an individual would develop cancer as a result of consuming seafood from 
NBH (10~5 incremental cancer risk). 

3. 2002 Field Collection 

DMF initiated the field sampling program on June 19, 2002 with the collection of quahog 
from all three seafood closure areas. Quahog collections concluded on September 11, 2002. 
Five stations were located in each of the three closure areas that produced sufficient sample sizes 
consistent with the monitoring program design. 

Collection of lobster, winter flounder and American eel using fish pots began on October 
10, 2002 and concluded on December 13, 2002. Despite considerable effort to collect species 
according to the monitoring program design, however, all species were not obtained in all three 
closure areas as originally planned. In summary, lobster were not found in Area I (despite 90 trap 
hauls) and only a limited number of winter flounder (4) and eel (2) were found in Area I only 
(despite 72 and 86 trap hauls, respectively). As a result of this limited sample recovery, the 2003 
field collection (not covered by this report) was modified to include other locally-consumed 
seafood species including blue crab, scup, summer flounder and black sea bass. 

Complete collection information including the dates fished, identification information, 
species, station identification, latitude and longitude, collection method and chain of custody is 
included in Appendix A and B. All samples were delivered frozen to the DEP Wall Experiment 
Station (WES) in Lawrence, MA on January 3, 2003. 

The locations of all seafood collection stations included in the 2002 field effort are shown 
in Figures 2 through Figure 6. 

4. Analytical Chemistry 

The first step in the analytical process was the compositing of the quahog and lobster 
samples. For quahog, twelve individuals from each sample location were combined to form one 
composite sample per location. For lobster, three individuals from each sample location were 
used to form composite samples. The tail and claw meat from each of the three animals were 
combined to form a tail and claw meat composite sample for the location, and the tomalley from 
each of the three animals was combined to form a separate composite sample for the location. 
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The tail/claw meat composites were analyzed separately from the tomalley composites in order to 
quantify the PCB levels in the respective tissue types. A combined PCB level for the tail and 
claw meat combined with the tomalley was then calculated as follows: 

[(tail/claw PCB cone, x tail/claw weight) + (tomalley PCB cone, x tomalley weight)] 
(tail/claw weight + tomalley weight) 

The seafood samples were analyzed by WES using modified method 983.21( modified 
method 8082) for five PCB Aroclors and for 28 specific PCB congeners. Modified method 
983.21 is a dual column GC/ECD (gas chromatogram/electron capture detection) method. Both 
the Aroclor and the congener approach were used to allow comparisons with previous site data of 
both types. The five Aroclors measured were Aroclors 1232, 1242, 1248, 1254 and 1260. The 
28 congeners measured were the eighteen NOAA (National Oceanic and Atmospheric 
Administration) list congeners and the twelve WHO '98 (1998 World Health Organization) list 
of dioxin-like congeners. Two congeners, BZ #105 and #108, appear on both lists. The NOAA 
congener list was used by the MA DMF in its analysis of Area III lobsters from 1988 - 1998, 
while Aroclors had been used previous to this. The NOAA list typically represents 
approximately 45% of the total PCB in marine tissue (NOAA, 1993). 

The congeners quantitated in this effort were BZ #8, 18, 28, 44, 52, 66, 77*, 81*, 101, 
105*, 114*, 118*, 123*, 126*, 128, 138, 153, 156*, 157*, 167*, 169*, 170, 180, 187, 189*, 195, 
206, and 209 (* indicates dioxin-like congener). Congeners #170 and #180 were removed from 
the WHO '96 list and do not appear on the WHO '98 list. The WHO '98 congeners were 
included to enable the evaluation of risks to human health due to the presence of any dioxin-like 
PCB congeners, if deemed necessary. 

Tissues from lobster meat, lobster tomalley, quahogs, flounder and eel were collected and 
filleted, sub-sampled and composited for sample extraction and analysis. For each group, 20 
grams of wet sample tissue was mixed with anhydrous sodium sulfate (Na2SO4) and 200 mL 
hexane and ground/homogenized using a tissuemizer. The resulting mixture was then filtered 
through a sharkskin filter utilizing a side arm Buchner funnel flask. The resulting clear fluid 
extract was transferred to a 250 mL volumetric flask and brought to volume with hexane. 

This extract was then cleaned up to remove the lipid portion and separate the PCB 
analytes from the lipid. For this cleanup, a chromatography column containing approximately 20 
grams of Florisil was constructed and initially eluted with hexane. A 25 mL aliquot of the 250 
mL hexane extract was pipetted onto the column and the eluted liquid collected. The column 
was subsequently eluted with sequential elutions of 15% diethyl ether/hexane and 50% diethyl 
ether/hexane to remove the PCB from the column while trapping the lipid portion of the extract. 
A separate 10 ml of the 250 ml of extract was pipetted into a tared dish and the hexane 
evaporated to gravimetrically determine the lipid content. 
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The Florisil-cleaned extract was concentrated using a Kuderna-Danish apparatus and 
adjusted to 10 mL with hexane for analysis. The dual column, duel BCD detector, gas 
chromatograph was calibrated for all the above congeners, chlorinated pesticides and for the 
eight Aroclor standards. The chromatographic conditions were adjusted to permit the separation 
and quantitative measurement of all the target PCB Aroclors as well as the congeners listed 
above. Several of the low concentration dioxin-like congeners co-elute with higher concentration 
(more prevalent) congeners. PCB congeners BZ #77 co-elutes with BZ # 110, and BZ #126 co­
elutes with BZ# 129 on the primary column but both were separated on a second confirmation 
column. Therefore, PCB congeners BZ# 77 and BZ #126, if present can be quantitated on the 
confirmation column. Both of these congeners have relatively high dioxin-like characteristics. 

The quantitation is performed by identifying the congener or Aroclor using the calibrated 
retention time windows for each congener or Aroclor and comparing the response of the sample 
peak to the response of the standard peaks over the calibration range. The WES Standard 
Operating Procedure #AOAC 983.21 should be consulted for further details on chromatographic 
conditions, quality control criteria, and other elements of the analysis. While lipid content was 
reported, the wet weight PCB concentrations reported herein are not lipid normalized. 

5. Results and Discussion 

As with previous studies of sediments, water column, marine tissue, and air at the NBH 
site, the current data set demonstrates a decreasing trend (north to south) of PCB levels in marine 
tissue. In other words, tissue PCB levels decrease proportionally with the distance from the 
primary source of PCBs to the upper harbor (the Aerovox facility). This trend is also clearly 
noticeable in the individual (as opposed to area-averaged) results from Area I: the tissue samples 
taken closest to the upper harbor are the highest in PCBs (e.g., quahog site El, flounder site Bl, 
and eel site Al). Figures 7 through 14 graphically summarize the current data, and Tables 1 
through 4 tabulate the individual sample results. 

PCBs are a group of similar organic molecules featuring a "figure-eight" structure of two 
bonded benzene rings with chlorine atoms attached at up to ten different attachment sites. 
Theoretically, up to 209 different PCB congeners (or molecular variations) are possible, yet only 
about 120 of these are found in the natural environment. Furthermore, NOAA has demonstrated 
that 18 specific congeners are the most pervasive and generally make up the majority of PCB 
mass in marine tissues, hi addition, WHO considers 12 specific dioxin-like congeners to present 
the greatest risk to human health. As noted above in section 4, two congeners, BZ #105 and BZ 
#118, are included in both the NOAA and the WHO congener sets. 

Throughout their industrial use in the U.S., PCBs were sold under the Aroclor trade 
name. Aroclors are a mixture of congeners, and different Aroclor types consisting of different 
congeners and chlorine levels were manufactured (e.g., Aroclor 1242 had 42% chlorine, and 
Aroclor 1260 had 60% chlorine). For this monitoring effort, both Aroclors and congeners (the 28 
congeners of the combined NOAA and WHO subsets) were measured to assist in the comparison 
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with previous site data, as well as to further understand the similarities and differences of these 
two analytical approaches. 

For lobster PCB measurements (but not the other species tested), the current PCB results 
indicate that the Aroclor approach under-estimates the true PCB concentration in marine tissue. 
As a rough rule of thumb - for lobsters - the congener results were approximately two times or 
more higher than the Aroclor results. Note that this approximation becomes less accurate when 
comparing very low and very high PCB measurements. 

Interestingly, for two of the other three species tested (quahog and winter flounder) the 
opposite result was indicated. For these species, the Aroclor approach yielded results that were 
roughly twice as high as the congener approach. Again, this approximation becomes less 
accurate when comparing more extreme PCB values (e.g., see the eel results: 21.32 ppm 
congeners; 24.37 ppm Aroclors - Figure 14). 

It should be noted that PCB tissue levels generally increase with the fat or lipid content of 
the tissue being tested. Thus, the PCB results for eel and lobster tomalley (both high in lipids) 
are significantly higher than the other tissues tested. 

Overall, the current PCB data indicate a continuing unacceptable risk to human health 
due to consumption of seafood caught in and around NBH. Obviously this risk does not apply to 
seafood caught by the harbor's commercial fishing fleet, as this seafood is caught further offshore 
than the three PCB closure areas discussed herein. 

EPA notes, however, that the PCB results for Area III lobster with the tomalley tissue 
removed indicate that risks to human health from lobster tail and claw meat from Area III have 
moved into its acceptable range (see Figure 8a). With the tomalley included, however, these 
Area III lobster remain a cause for concern, especially when using the congener analytical 
approach (see Figure 8). Figure 9 illustrates the current Area III lobster data in context with 
historic Area III lobster data (with tomalley included), and shows significantly decreased levels 
from the highest measured readings from the mid-1980's. 

For metals, the most striking result is the high copper levels detected in lobster, and to a 
lesser extent in the Area I flounder and quahog (see Table 4). High copper levels in lobster have 
been reported in lobster for other areas in and around New England (Soles, 1995; National 
Research Council Canada, undated), generally attributable to their specific biochemistry. It 
should be noted, however, that NBH - especially Area I - contains very high levels of copper in 
both sediments and the water column (U.S. EPA, 1998, Figures 9 and 12). 

Finally, although not part of this particular monitoring effort, Appendix 4 summarizes 
long term blue mussel (Mytilus edulis) PCB bioaccumulation data collected at NBH by EPA's 
research laboratory in Narragansett, RI. Consistent with the discussion above, these data also 
demonstrate the decreasing north to south trend in seafood tissue PCB levels. The closer the 
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animals tested are to the upper harbor (north of US Route 195), the higher their PCB body 
burdens will be. 
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Figure 1 - the 1979 state fishing ban
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oo cn î  oo in f̂ cn CD *̂  CD TJ; CD in T- m 
in CD co CD h-i 

co 
Q) 

co CD T- co cn co co oo ̂ " cn 
co CO 

^ N- CM co cn 
co oo in oo cn 

jo
o 
•a 
CD 

1 
ro0 

co co •>- co cn co co oo^ cn co t̂ co ~̂ 't 
co co •<- co cn co co oo t̂ cn co TJ~ co ̂  ̂f 

CD 

_O 

M—O 
c gu~* _ro 
u 
CD 
O 

co 

^.Q 

T3 
O 

"55 
E 
0 

8 
L_ 

^ 

CO o 
E 
E 
a. 
Q. 

•ft 
<D 
CL 

CD 
CO 

O 
CD 

CN 
T— 

O 
9 
CD 
O 
O 

O 
CD 

^ CO 
CD 

CD 
O 
O 

O 
CD 

CD 
in 
^5 

CD 
O 
O 

O 
o' 

oo 
P; 
CD 
£5 

CD o o 

o 
CD 

o 
J^cn 

CO o o 

1 
f 
E 
Jrr 

CO 
O)
c 
0 
0 

5 
CD 

CM
:̂ 

o 
o 

§
o 

0 
CD 

^ co 
O o 

s 
CD 

CD 
in 
o o 

S3 
CD CD 

00 O 

o cn o o 
CD 9 
O CD 
CD CD 

O 



Appendix A
 



0)
S 

U. _ 111 ? 1	 ra O 
to 1	 3 u. 3 s o •	 a CJ 

(0 "*̂  j.. 
CO o ! js	 ce 
cr	 

1 % 
J% tO2^	

I
U) ^

S 
 (D	 Q -Qj _^ X 

_CD so "5 S-o	 ra 
f" 

CL S 
C3 .0 S x c	 ra1	 

1 i 

'§. M O tt	 / CO 

<f>	 I 
en 
raCD CD	 rlss| 1 c! 1 i— E "̂   _,	 1C  o 

^* CD CD T3 0 < £	 u 
z < O 5 Q.	 OT111 — 'S * 

o S -2	 §i ^ 
1	 ]C Ĵfe 1_ 
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ô 
o 

2 
< 
o 
0 

.T jt »ii cs c
C n . eaft • JS 

C M C M C N C N C M C M C s i c M C M ' C M P P P 

c o c o c o c o c o c o c o c o c o c o c o c o c o 
o o o o o o o o o o o o  o 
o o o o o o o o o o o o  o 
C M C M C M C M C M C M C M C M C M C M C M C M C M 

o o o o o o o o o 

sssssssss IO CO CO 
o o o 

aJ 5 
*• CO s° 
1 1
••• o
O O 
O DC 

S 
co 
O 
in 

1 
eg 

5 

o o o o 

CO CO CO CO 

8 8 8 8 
CM CM CM Cg 
O> O> O) O)
CM CM CM CM 
-<f xj- Tl- TJ-
O O O O 

CNI 

CO 

8 
o 

s 

CM 

1 

1 
O 

l^llcS 
S-g«? o
<§«££! 

* f o c o 0­5
• ­S o •<» ­2 S3%33a

ii ­i n N n 
a « m s « 

00 2 DJ CO U. LL CJ 
_l _l _l I CJ 

C M C M C M C M C M C M C M C M C M C M 
c o c o c o c o c o c o c o c o c o c o CO§

3
i 

Tt Q_ Q^ 
o O O 

II Q Q O O O Q Q Q
<; <t ^ ^ <( < 
o o o o o c 
« £ < < < < < ! 

lp- r^— tf— fj— tp~ rp- >f— t,— 

co" 
CO 

fin co 
U. O 

L: 
u fj 1« 
CO 0 

•n 

| 
5 

h~ r*- r -̂ r^ 
o o o o 
° ° CM CM 

C  ̂ CL C? C? 
LU LU UJ UJ 

CN 
CO 

o 
Q 
*£ 

1 
^2 

CM 
CO 

S 
o 
0̂
< 
3 s 
E 
2 

^ v^ u 

811 
2 U 

a. a. S co 
co 

CO CD CNJ 
CO CO Tf 

§ o o 
9 9

o ' o o ' o o ' o o ' o ' o ' d 
gct 

oo co oo r^ t^ r- oo o o o r~ 
d d d d 

re
•c 
5 

5 §
8 T 

fc 
d 

i8888888888 o o o o o o o o o o 
g
£ 

CD CD CD 
S CM CM CO 

O O CM 
d d d d 

c o n co 
•5 

0 

o> 

d 
< £> 

Q 
£ _ * i *i 

? -S? -9* ­? -9* JE a 01 o> o) 
1 

1
•i= 
IO) O> CD O) 

O) O) O> (2> 
E E E £ 

1 
s? I 

c 
8to 

in r  ̂ <D 
S T- co co 

O O T-
O Q O O O Q Q Q  Q 

Z o Z o o o Z Z Z 
S ex, * 52 o CM _i in 

_ CD

Mor S 
< co 

o 

f 
»
</> 

S sili 
O) 
J^ 

O 

a ? — o 
CO ­1 g 

tr CM 
P m
2 ­J 

! 
S 

| E 
co co 

T - o o o o c o r ~ - m c C ) O )
c M c o o c M c o i n o o c n o o 

co coO O 
Q. Q-

O CM 
O o s sIi 
ggQ —ii 
_J U. 
o CD 
"a. "a. 
49 A 
(0 « 

•o 
§ 

§ 
1 

;̂ 

1 

1J. 
§ 1 cS 1 

S 
^0

| 
OT 

ffl 

1 

CM 
CO 
CM 

< 

s 

*5 *- CO

£ »•= 8 = 3 J2 
.. c 2 ­c  J3 
* o o «* g
5 ° JC O = 
« * < 0 g-



T3 TD T3 T3 
P d) CO CO 

Q.Q.Q.Q-Q.Q.Q.Q.O.CL
 
< < < < < < < < < <
 

< < < < < < < < < < < <
 

§ o o o o o o o o o o o o o 8 O O O O O O O O o o 8 8 8 p p p p p p p p p p p o o o o o o o o 
p J c V i c N c V i c V i t V i c N p j c V i c V i c V i c V i c N i c N c V i c N C N c i c N j c N C i j t N i t N 

CO CO CO CO CO CO c o c o o o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o c o 
8 8 8 8 8 8 88888888888888888888 JC fvj - - - - - - - • " 

U) 

C D J D ^ O O ^ O ^ ^ O O ^ C D C D ^ O ^ C ^ ^ O
 

I 
co 
I 

S

|| 
o 2 

H

*
 ii 

DO « QJ E W m o 9 0£ ffi U. U. O 
_i _i _i _i O 

CN CN <N
<c ca CO CO CO CO CO CO CO CO CO CO c o c o c o c o c o c o c o c o c o c o c o c o Z Q. CD Op CO GO 99 92 99 O> O) O) o) O> O) O> 0 ) 0 ) O ) G > O ) O 3 O 0 ) O ) O ) G ) 0 ) 
CO 01 S: o o o o o o o o o o o o o o o o o o o o o o o o o o 

C
T

IO
I 

O
K I o o o o o o o o o ' o o o
 O. 

" O ~ O " O " O ' O ' U " O " O ' O " O " O " U ' P «1 _Q| < D O ) < l } < D O C l } ( D C U Q ) ( l } < l ) C t } Q } 
<c
 1C 1C 1C IP
111!
 I O 

E "S
Z U 
O 1; (o O O O 

Q H £jy e» s" 1" 
> •» 2 2T IB Q. Q. T t O O » O 5 C D O ) O f O C D e o o O O ) < D O 5 O O O O C D C D C O C OJ^«. c s j c o c o c o c o c o c o c o n c o ' ~ c o c*> O O C O ^ C O C O C O C D C OSSpEf a o o o o c o o o o o o o p o o o p o o o o c 3 

O T - O O O O O O O O O O O O O O O O O O O O O O O O
 
D)o oS O C O C O C M C O O T - C M C N C D C O C N C O O C O C O O C M O g C v J C M 

o d o o o d c a o o o o o o o o ' c J o o ' d d o ' d c i c i c J o 

. O > O > D ) O > O ) O ) O > O > O ) O > O ) 
O ) D l O ) O ) O > O > O ) O ) O ) O ) O ) O ) O)3 3 D r > 3 3 3 I 3 3 D a 3 n 

IM 'E
 

w 

13 

Q 
LU 

I 
UJ 
W < OT 

s s 
CO O N -

O 
CL-

00 Oin co 
d Q 

Q Q CN 
Z Z o 

5 Q Q 
o Z Z o o o 

Q Q Q O T­; 
d d

Q Q O CN 
Z Z d d 

CO CD 1̂  h* 
Q p CN p O 
Z d d d d 

OT 
UJ o: 
> 
Q 
O 

in Tt oo co CDT- o •«- T- CM eg
oo g r­- r̂  o o in co CD r-

I1I
 
S OD QQ CO CD CO 00 

o o o o o o 
a. a. a. a. a. a. a. 

http:Q.Q.Q.Q-Q.Q.Q.Q.O.CL


<D 
03 

11 

co 8 8 S in
in 

0)
O) 

£ 
<M CO 

ii 
C! S 

£ 
2 S ^ ^ ^ S 2 

CN CO 

§ (3 
f"» 

a> co 

o o o o o o cp> o o o o o 
<N c\i cXi cj oj t\i 8 8 8 

Q. O. D. Q. Q. Q. Q. 

8 8 8 8 8 8  8 
T­ O 

•K CO s* ° > 
o o 

CO CO CO CO CO CO 

' 8 8 8 8  8 
~ CN CN CN CN 

5 0 5 0 0  0 

CO CO CO CO 

8 8 8  8 
rg CN <N CJ 
oo oo o> o) 
O O T­ T­

CO CO CO CO CO CO CO 
o o o o o o o 
o o o o o o o 
CNJ CM CN CM CM CN CM 
O> O> O> O) O) O O5 

o -e o & •«t
O

 •*!•
 O

 Tf
 O

 Tt
 O

 Tj- Tt 
 O O 

^ i?5 co co o o o o 
O o CO CO CO CO CO CO CO 

o o o o o o o 
Ou IB  a: 

TO 

o 
o 
UJ 

a: a. 
CO 
o 
o 
CO 
o 
o 
CM 

If
Q) i— 

CQ O 

a> m 
Z. 0. 

I 
8 
-Q 

m ro u. o 

.. 2 

II s o 

<N CM CM CM CH <N 

O O O O O O 

SIIS S S I 1 S 

m 
S !? 

S  S 

S  5 

. a. a. o o o 
S W W 

o> o> 
c c 

S3 
_ 8 

.1311S E 

iZ LL 

ra 
C O
& 

L: 
X O 

5 £ 
10 o 
s u 

0. CL Q. Q. Q. Q. CL 
O O O O O O O 
OT CO CO OT W OT 
O) O) O) O) O) O) O3 
c .c c c c c c 

'« '55 '55 "55 
•• ' •• 

iT EL 

m 

O
S

 Q 
a 

ii -i 
o: m £ u. o
_i _i _i _i 0 

\ o 
15 
' ,15 £? 

a. a. T- CM CD CO CD CN 
-=-, in •* co co co •* 
PI p p p p p o 

o o o o o o 
°lCtrl 

111 z ̂  a ^ 

si??1" Ii0* a> 
ce 

Q p p p p p p 
SI o d o o o o 

to 

2^B •s O 
g> g. 

CO 

I 

Q 
LU 

UJo: _ CO 

8 w 
_ CD 

08 < | 

UJ 
CO 

O 
Q. 

o 10 oj

5S5i i i

fc 
 S9 

233 

< w 

L: 

<£. S 
< W 

_ 

t 
CO 
UJo; 
> 
Q 
O 

Jh w 3 
o 

? oA 
a 

ca> 

CO 

1 
0)•o « x c c S E 
+* O 01 ** 

co co h- in cp a) 
co in co o> o o
• « - • « - » ­ T- <M CM I IIIl 

a. I! 
Q. O 

CD CQ CD 

Is slS I
^Itg? a 

~ UJg ™ 
«£ o

? i -?? if 
co co 

o «sx->z w  < z 



s 
in co 
0O)
a
Ct 

CL

§ 

s s 

o 

< 

o o o o o 
o o o o o 

CO CO CO CO 

8 0 o 
o o 
£N 

CO CO CO CO CO
0 O O 0 0

o 
o 

 CO
 0

 CO 
0 

I

i
i

 O­ < 
o in o in 
CN cri 

CN co 
o o 
o o 

o> co 

•<­ o 

nj
a 

o > 
 .a 8 

O CO 
u K. 

1 

0. 0. CL 0. Q. 0. 0. 

8 8 8 8 8 8  8 
co co co co co co co 

CM CN CM CN CN CM CM 

O} O) O5 OJ C7) O) O) 

CO CO CO CO CO CO CO 
o o o o o o o 

Q­ < 

o in 
CM a> 

CN CO 
o o 
o o 

SIS 

£ 

<*" ^ o .> 
S 8
O 0) 
o u. 

8 8  8 
O O O 
T­  T— T­

CO CO CO 
o o o 
o o o 

o> o> o 

111 
co 
I 

|| 

1 2 
co O S 

co a. a. 

L: 
o I 

0 P 

Is 
2 0 

M
at

ri
C

ol
le

 

LL k. u_ LL u_ LL U­

5 co ui ea 

al c> CD p 
El CD CD CD 

! 
CO 

Of o <o 
2 i 2. iS 

CO 

o 

8 

N
ec

k _

I I
 
8
 

CO CO 

UJ 

00 

.S 
ra 

§ 
^ 

•g
o o 

 ci Ctb 

co co 

o
CL 

. 
CO 
00 

-
CO LL 

-
CO 
X 

O 
O 
CSI 

w 
LU 

55 5 
£ 
co 

Q 
o JJ 
CO1 CO 0013S3 -^ S w c. 

8 CO 

co 

CL 

I 
s
I 
CL 

S 
CM Z 

t 
75 £ 
-I U. 

a. o £ £ a. a 
E E s s 

£ £ 
f tra to 
co <o 

x
<D

C/>

 |
 ^S .C 

O CO 

o 



•5 
<D 
CO 

& 

10in 

tt 

> 

CO 

?si3
5" x o5 --** > *; 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
O J O M C M C M O J C g C M C M C M C M C M C M C N C X J C N C M C v l C M C M C N c g c N I C M 

3 
cr 
0) 

±s E 
E J 
f

E 5 £ o-S 
« i 

IE 
«~-2* « * ag 

c p ~-m ES ni J2 < JH IB ̂  
m ~ ca <o a 

J= 
OT 

8 
t o c o c o c o c o c o c o c o c Q c o c o c o c o c o n c o c o c o c o c o c o c o c oo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o II

c o­ f "2 E 

!•£.<£«=<» 
5^ 11 o 

O .g 
CD 

•s $. 

o oo a: s 
o o g o o g g o o g ^ o o g ^ o o p p o
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c: ŝ?O> O) «* u. 

^E «! 
B B B 3«

3Q^
 a
uUJ 
a: o: 

UJ o _ oa: c< 0 < §oc5 LU LU '£: 
UJ QL cc J35 
CO *C 55 < co ?j ,_ 

0- I 
CO 

T a S o QO i: i:o ' Z Z Z Z o c M m Z rt Z Z 
CO 
UJ 2o; ^ |co _oi (0 -1> 
Q 
O 
CO

m

3 23 1 
*e "V e§ CMCD o S 

CO I
0 T- oo co CD o> 

g o CMco co o om §1
£ 

CM CM 
CM z CM Z •o 

N N N Kl tsl C (0 

ii 
§ § 

si 1GQ DQ CD CD CO o
§ 

CM
J3 

TJ 
a> O) o> O) o> o> CO COT» ii 0 CM

UL -I U. 1.1 , 
<0 « CO <<§ 3 8 £
 
0. "a co m £1
E o o o o o o o o o o '§.-5 S.J! II M S 

C L C L C L C L C L C L C L C L C L C L ^ C O C O ^ i i !8 6 3 3 a.S co co co 



co 

itre Of 
Q
S
. si! c 

re -J x 2 
CO >' ~ — 
|illS. at £ I _^ f 

§ 0000000000000000000000000o o o o o o o o o o o o o o o o o o o o o o o o o Its IC
n* re

C 
(0

a1
0) 

E •J DQ ._ CO . 

n 
Li

 am 

ry
 B

la
nk

 (
eq

u
 

ng
D

et
ec

tio
n

 
or

y 
R

ea
ge

nt
 

or
y 

F
o
rt
ifi

e
d
 

:o
ry

 F
o
rt
ifi

e
d
 

c o c o c o c o c o c o c ^ o c ' O r o c o c o c o c o c o c o c o c o r o r o c o c o c o c o c o c o c o raO O O O O O O O O O O O O O O O O O O O O O Q O O Oo o o o o o o o o o o o o o o o o o o o o o o o o o
 
£VI " •' "• '• " CM CNI C•M' C'M CM CM "' "' "' •' '• " "' 

o o o o o
 
| 

T3 .£• O '•E E 2 s 
JC o o €E O o •— 

Q. .0'S 
J3 

o
33 0.n 

u II 2 u u u 
m au CO 

Q O OL m u. LL 
C£ 8 

•a 

<a <D o> o>
If— Ii— r|̂  fj— 

c o o o p p c i o o o o o o p o o o p o o o o o o

OOO'O'OOO'OOO'O'O'O'O'O'O'OOO'O'OOO'O
 

o o o o o o o o o o o o o o o o o o o o o o o o o o
 

9 ) d } 0 ) f l } Q ) Q } Q 7 4 } 

O) D> O) O) O) O) O> O) CD D5 O) O> u) O> O) O> O > O > O > O ) O ) O ) O ) O > O ) O )
3 3 3 3 3 3 = 1 U 3 3 3 3 3 3 D 3 3 O D 3 3 3 3 3 3 3 

1 D
et

ec
tio

_ Q Q 00 
Ctl 2 2 o O O ^ - Z Z O O O Z O O Z O Z Z O O O 

(D ID r- oo co 

o S
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