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ABSTRACT 

I 

m 

I 

Water q u a l i t y   d a t a  were  obtained i n  May 1983, May .1984 and J u l y  

1984 i n  Babine Lake, t o  determine if there  was any impact  f rom  the  Bel l  
Copper Mine  discharges.  Physical  and  chemical  water  quality  data  were 
co l l   ec ted   assoc ia ted   w i th   taxonomic  and meta l   t i ssue  ana lys is   in   zoop lank ton  
and f i s h .  

Hardness, conduct iv i ty ,   copper  and zinc  values were h i g h e r   i n  Rum 
Bay and Hagan Arm. Concentrat ions  of   copper,   z inc  and  i ron i n   t h e   l i v e r  were 
h i g h e r   i n  Hagan Arm f i s h   t h a n   i n   f i s h   c a u g h t   i n   t h e  main arm o f  Babine  Lake. 

Water qual i ty r e s u l t s   i n d i c a t e  seepage o f   t a i l   i n g s   w a t e r   i n t o   t h e  
1 ake a t   t h e   G r a n i s l e  Mine. 

Y 



RESUME 

Une 6tude de l a   q u a l i t 6  de  1 'eau du l a c  Babine, f u t .   e n t r e p r i s e  en 
mai  1983, mai  1984 e t   j u i l l e t  1984, en  vue de d e t e r m i n e r   l e s   e f f e t s  de l a  
mine de c u i v r e   B e l l .   L ' 6 t u d e  comprend l e s  donn6es physico-chimiques de 

1 'eau, 1 es  analyses  taxonomiques e t  de m6taux traces, dans l e  zoopl  ancton e t  
1 es p o i  ssons. 

La  durete de 1 'eau, 1  a c o n d u c t i v i t 6 ,   l a   t e n e u r  en c u i v r e   e t   z i n c  
G t a i e n t   p l   u s  61 6v6es  dans 1  a b a i e  de Rum e t  1  e b r a s  Hagan.  Les 
concentrat ions de c u i v r e ,   z i n c   e t   f e r   f u r e n t   p l u s   6 l e v 6 e s  dans l e   f o i e  des 
poissons du bras Hagan que ceux  p6ches dans l a   p a r t i e   c e n t r a l e  du 1  ac . 

Babine. 
Certaines  analyses de  1 'eau  ind iquent  une e x f i l t r a t i o n   e n  eau 

profonde des res idus  de d6pdt.s s t 6 r i l  es  pres de 1  a mine  Granisl e. 
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1 INTRODUCTION 

Noranda  Mines  Limited started operating Bell  mine on Newman 
Penninsula, Babine Lake i n  1972 (Figure I ) .  The operation was closed 
circuit, no tailings or tailings supernatant from the copper  mine  was 
discharged i n t o  Babine  Lake. When  MacLaren Forest Products Inc, formerly 
Noranda, shut down i n  1982 for an indefinite period, the company requested 
permission t o  discharge p i t  water and t a i  1 ings ponds supernatant t o  Babine 
Lake. This measure  was  implemented t o  prevent dam overflow and breaking 
during the shutdown and t o  leave the open p i t  i n  a dry state. 

Recent  developments  have  allowed the company t o  reopen the mine and 
resumed production on September 25, 1985. 

The present report addresses changes i n  water qua l i ty  as a result 
o f  the company discharge i n t o  Babine  Lake.  The survey a1 so includes 
receiving water d a t a  from  around the closed Granisle Mine adjacent t o  Bell 
Mine w h i c h  is  also owned by McLaren Forest Product Inc. 



- 2 -  



II 

m 

m 

- 3 -  

2 MATERIAL AND METHODS 

m 

m 

II 

I 
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Three  surveys  were  conducted on Babine Lake, from May 28 t o  
June 1, 1983; May 12 t o  May 16, 1984,  and J u l y  4 t o   J u l y  9, 1984. On  May 28, 
1983, s ta t ion   markers  were placed on s i t e   w i t h   t h e   a i d   o f  a Rangematic  Mark 5 
1200 range  f inder  and Model  FE-502 Furuno Echo Sounder. Conduct iv i t y  and 
tempera ture   p ro f i les  were recorded  w i th  a hydro1 ab d i g i t a l  4041 i n d i c a t o r  
u n i t  and  4021  sonde u n i t   a t   t h i r t y - s i x   s t a t i o n s .   T h i r t y -   f i v e   o f   t h e  
s t a t i o n s  were i n  Hagan A r m  (F igure  2)  and one on t h e  main arm, S ta t i on   41  
(F igure  3) .  The surveys i n  1984  used the   s ta t i ons   de te rm ined   p rev ious l y   i n  
May 1983 p lus   th i r teen  o thers   nearer   to   the   mine   s i tes   (Append ix  I ) .  

W a t e r   s a m p l i n g   s i t e s   a n d   d e p t h s   w e r e   d e t e r m i n e d   f r o m   t h e  
temperature/conduct i   v i  ty  p r o f  i 1 e r e s u l   t s .  Water  samples f o r  chemical 
analyses  were  taken  wi th  s ix l i t r e  Van Dorn  water  bot t les  at   four  depths;   two 
above the  thermocl ine,  and  two  below the  thermocl ine.  The fo l lowing  chemical  
parameters  were  analysed: pH, conduc t i v i t y ,   t u rb id i t y ,   res idue ,   su l fa tes ,  
hardness, t o t a l  and dissolved  metal  s. I n  1984 t o t a l  a1 k a l   i n i  ty, t o t a l  
organic  carbon  and  nitrogen, as w e l l  as dissolved  organic  carbon  and 
n i t rogen,  were  analysed. 

The pH o f  each  sample was measured i n   t h e   f i e l d   w i t h  a metrohm pH 
meter, model E588. 

The conduct iv i t y ,   tu rb id i ty ,   res idues ,   su l fa tes ,   o rgan ic   carbon and 

organ ic   n i t rogen were kept   coo l   w i th   i ce   un t i l   ana lysed.   Organ ic   n i t rogen 
samples  were  analyzed  by  In1  and  Water  Directorate, Water Qual i ty  Branch, 
P a c i f i c  and Yukon Region. Total   metal  samples o f  250 ml each  were preserved 
on s i t e   w i t h  1 m l  o f   n i t r i c   a c i d .   D i s s o l v e d   m e t a l  samples o f  100 m l  each 
were f i  1 t e r e d  on s i t e   t h rough  a 0.45 m i c r o n   c e l l   u l  ose n i t r a t e  f i  1 t e r  and then 
preserved  wi th  0.5 ml n i t r i c   a c i d .  A1 1 samples  were d e l i v e r e d   t o   t h e  
Environmental   Protect ion  Service  Laboratory i n  West Vancouver. The 
I n d u c t i v e l y  Coupled  Argon  Plasma o r  ICAP scan,  an  automated  atomic  emissions 
spectrophotometer, was used f o r   t h e   t o t a l  and d isso lved  meta l   analys is  and 

gave  a read ing   o f   twen ty -s i x  meta'l s. When copper, l e a d   o r  cadmium readings 
were  below the  ICAP d e t e c t i o n  1 imi t, the samples  were re run  on the   g raph i te  



- 4 -  

0 100 300 500 lo00 
" " _ _  
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FIGURE 2 LOCATION OF SAMPLING STATIONS ON RUM B A Y  AND 
H A G A N  A R M  IN 1983-84 
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FIGURE 3 LOCATION OF SAMPLING  STATIONSON  BABINE  LAKE 
MAIN ARM  AND  HAGAN  ARM  IN 1983-84 
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furnace  o f   the  a tomic  absorpt ion  spect rophotometer   to   obta in  a lower 
de tec t ion  1 imit. 

Tr ip1   i ca te   zoop lank ton  samples  were taken  w i th  a  80 um mesh s i z e  
p l a n k t o n   n e t   a t  4 s t a t i o n s   i n  1984. V e r t i c a l  tows  were  used f o r   c o l l e c t i o n  
s t a r t i n g  a t  30 m depth and the  sample  were preserved  wi th   isopropanol .  
I d e n t i f i c a t i o n  was c a r r i e d   o u t  by J.R. Keays i n  Powell  River, B.C. Heavy 
metal   analysis was c a r r i e d   o u t   a t   t h e  West Vancouver EPS l a b   w i t h   t h e  I C A P  

scan.  Samples  were kept  cool .  
F i sh   t i ssues   f o r   ana lys i s  were taken  f rom  f ish  caught   by  angl ing.  

Muscle  and l i v e r  were taken  and  frozen i n   p l a s t i c   v i a l s .   D i s p o s a b l e  
scalpe l  s, gloves,  and  tweezers  were  used to   avoid  contaminat ion.   T issues 
were analysed a t   t h e  West Vancouver EPS l a b   w i t h   t h e  ICAP scan f o r  
mu1 t i -e lement   analys is .  

Water  samples from tailings  pond  discharges  were  provided by 

Per i   Mehl ing (EPS).  These  samples  were t r e a t e d  as mentioned above. 
Fo r   ana ly t i ca l  methods re fe r   t o   Env i ronmen t  Canada P a c i f i c  Region, 

Laboratory Manual ( 1979). 
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3 RESULTS 
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3.1 Tailings  Supernatant  Discharge  Quality 
The effluent data  (Tables 1 t o   4 )  showed one  sample out  of 

compliance  according to   the  Waste  Management Branch permit #PE-1505. On the 
morning o f  July  7, 1983 the  dissolved  copper was 0.112 mg/l, exceeding  the 
0.05 mg/l 1 imi t. The other  copper  values were ranging from  0.022 t o  
0.041 mg/l. The pH was maintained  around 8.0, suspended so l ids  were between 
detection 1 imit and 12 mg/l , dissolved  zinc were  between 0.03 mg/l and 
0.05 mg/l and dissolved iron between 0.01 mg/l and 0.046 mg/l. Sulphate 
values were h i g h ,  ranging from 1350 mg/l t o  1595 mg/l . Total  hardness  values 
ranged from 1240 t o  1600 mg/l. The conductivity was osc i l l a t ing  between 1976 
and 2400 umhos/cm, revealing a h i g h  sulfate   content  and hardness of the 
water. 

3.2 Mine S i t e  Runoff t o  Stat ion 39 
The mine s i t e  runoff sample  taken  near  Station 39 reveals   acidic  

seepage w i t h  a pH of 4.0 taken on July 4,  1984 (Table  5). No a lka l in i ty  
could be detected. The dissolved metal l eve ls  were h igh :  21.1 mg/l, copper; 
1.05 mg/l, zinc; 16.5 mg/l, aluminum; 12.6 mg/l, manganese; 0.22 mg/l, 
nickel;  0.16 mg/l, cobal t ;  1.48 mg/l ,  strontium. The conductivity was 
2500  umhos/cm, and sulfate  concentrations was 1700 mg/l. This sample was 
taken  close  to  the shore, i n  the  lake,  near a rusty  surface  discharge coming 
from the mill site.  Elevated  copper  levels were  found near a t   S t a t i o n s  37, 
38, and 39 (see Copper Section  3.3.7). This copper  could come from acid mine 
generation from the  s tockpi le  and waste  rock s i tuated  not   far  from the 
s ta t ion .  

3 0'3 Receiving Water Qual i t y  

I 

3.'3.1 Temperature and Conductivity.. S u r f a c e   t e m p e r a t u r e s   w e r e  
highest i n  May 1983, ranging from 12.9 t o  2 0 . 8 O C ,  compared to   t he  May 1984 
survey w i t h  a  temperature  range  of 3.7 t o  6 . 7 O C  and i n  July 1984 ranging 
from 10.5 t o  14.6OC (Appendix 11, Tables 1 t o  3) .  The thermocline i n  July 
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TABLE 1 B E L L  COPPER TAILINGS SUPERNATANT DISCHARGE QUALITY - MAY 31, 19a3* 

PARAMETER** 

Temperature ( O C )  

pH (relative  units) 
conductivity (umhos/cm 8 25°C) 
turbidity 
f i 1 terabl e  residue 
non-f i 1 terabl e  residue 
t o t a l  residue 
sul phates 

Copper 
Zinc 
Barium 
Cobalt  
Manganese 
Molybdenum 
Nickel 
Phosphorus 
Strontium 
A1 umi num 
Iron 
Silica 
Calcium 
Magnesi urn 
Sodi urn 

Hardness, Ca, Mg 
Hardness, Total 

TAILINGS SUPERNATANT 

AM 

21.0 
8.0 

2322 
0.1 

2370 
8 

2380 
1581 

Total 

0.044 
0.045 
0.017 
0.013 
1.34 
0.016 
0.03 
0.15 
2.66 
0.06 
0.063 
1.9 

442 
69.5 
48 

- - 

D i  ss. 

0.031 
0.044 
0.018 
0.014 
1.40 
0.021 
0.04 
0.16 
2.76 
0.05 
0.011 
1.9 

454 
67.8 
50 

1410 
1420 

- 
"_ 

"_ 
"_ 

Y- 

. PM 

22.7 
8.1 

245.0 
Ni 1 

55.0 
< 5.0 

2420 
1400 

Total 

0.042 
0.041 
0.017 
0.015 
1.33 
0.019 
0.04 
0.16 
2.65 
0.10 
0.092 
1.9 

442 
70.1 
48 

- - 

D i  ss.  

0.025 
0.039 
0.018 
0.012 
1.39 
0.022 
0.02 
0.14 
2.82 

< 0.05 
0.012 
1.9 

69.5 
50.9 

458 

1430 
1440 

The following metals were  below the detection  limit: As, 6 ,  Be, Cd, Cr, 
Pb, Sb, Se, Sn, T i ,  
V .  

*Results from P. Mehling (EPS) 
**A1 1 units i n  mg/l unless otherwise stated. 
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TABLE 2 BELL COPPER TAILINGS SUPERNATANT DISCHARGE QUALITY - JULY 7, 1983* 

PARAMETER** 

PH 
c o n d u c t i v i t y  
phenol   phthalein a1 k a l   i n i  t as CaC03 
t o t a l  a1 k a l   i n i  ty as CaC03 3 
m i n e r a l   a c i d   a c i d i t y  as CaC03 
t o t a l   a c i d i t y  as CaC03 
non-f il t e r a b l  e res idue 
t o t a l   r e s i d u e  
n i t r i t e  
n i t r a t e  
ammon i a 
t o t a l  PO4 
d i  ssol  ved PO4 
sul  phates 

As 
B 
Ba 
Be 
Cd 
co 
C r  
cu 
Mn 
NO 
N i  
P 
Pb 
Sb 
!j e 
!j n 
!j r 
-r i 
'1 
;Z n 
A1 
I-e 
S i  
C a 
Mg 
IJ a 

Hardness, Ca,  Mg 
Hardness, Tota l  

1 r e l a t i v e   u n i t s  
2 umhos/cm 8 25°C 
3 t i t r a t e d  t o  pH 4.5 

t i t r a t e d   t o  pH 8.3 

TAILINGS SUPERNATANT 

AM 

7.7 

N i  1 
52.0 

N i  1 
3.0 

2450 

12 
2320 

0.016 
0.33*** 
0.555 
0.028 
0.012 

1595 

Tota l  

< 0.05 
0.003 
0.018 

< 0.001 
< 0.002 
0.019 

< 0.005 
0.269 
1.28 
0.017 
0.03 
0.14 

< 0.02 
< 0.05 
< 0.05 
< 0.01 
2.87 

< 0.002 
< 0.01 
0.044 
0.29 
1.72 
1.2 

460.0 
75.3 
50.2 - - 

Diss. 

< 0.05 
0.006 
0.015 

< 0.001 
< 0.002 
0.008 

< 0.005 
0.112 
1.09 
0.014 

< 0.02 
0.52 

< 0.02 
< 0.05 
< 0.05 
< 0.01 
2.50 

< 0.002 
< 0.01 
0.034 
0.16 
0.046 
1.0 

64.1 
44.6 

387. 

1230 
1240 

PM 

7.9 

N i  1 
52.0 
Ni 1 
3.0 
5.6 

0.017 
0.30*** 
0.490 
0.015 
0.012 

. 2450 

2340 

1410 

Tota l  

< 0.05 
0.006 
0.017 

< 0.001 
< 0.002 
0.015 

< 0.005 
0.062 
1.22 
0.022 
0.03 
0.17 

< 0.02 
< 0.05 
< 0.05 
< 0.01 
2.92 

< 0.002 
< 0.01 
0.033 
0.09 
0.409 
1.1 

74.7 
51.0 

463. 

- - 

D i  ss. 

< 0.05 
< 0.001 
0.016 

< 0.001 
< 0.002 
0.011 

< 0.005 
0.034 
1.14 

< 0.019 
0.04 
0.54 

< 0.02 
< 0.05 
< 0.05 
< 0.01 
2.74 

< 0.002 
< 0.01 
0.030 
0.12 
0.022 
1.0 

68.5 
48.1 

432. 

1360 
1370 

* Resul ts  f rom P. Mehl i n g  (EPS) ** A1 1 u n i t s   i n  mg/l  unless  otherwise  stated. 
*** An in ter ference  problem may have a f f e c t e d  

the   accu racy   o f   t he   n i t ra te   resu l t s .  
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TABLE 3 BELL CBPER TAILIW S l E M T M  DISCHAR[T QuALIlY - MY 15, 19M* 

PARpMRERhc 

p H 1  
conductivity 2 
phenolphthalein a1  kal inity 
total alkalinity 4 
m - f i  1 terabl e resi due 
total residue 
urlphates 
hardness, ca,Mg 
hardness, Total 

As 
B 
l3a 
Be 
Cd 
co 
Cr 
cu 
F.h 
Mo 
Ni 
P 
Pb 
sb 
se 
sn 
Sr 
Ti 
V 
zn 
A1 
Fe 
S i  
ca 
f.19 
Na 
c1 
K 

2 Lprhos/cm 8 25°C 
3 as caco3, titrated to p~ 4.5 
4 as (X@, titrated to pH 8.3 

S W L E  1 

PM 

8.1 
2400 

Ni 1 
56.0 
7.0 

2200 
1200 
1350 
1360 

Total 

< 0.05 
0.016 
0.014 

< 0.001 
0.002 
0.011 

< 0.m 
0.073 
1.06 

< 0.005 
0.03 
0.18 
0.001 

< 0.05 
< 0.05 
< 0.01 
2.56 

< 0.m 
< 0.01 

0.034 
0.12 
0.184 
0.9 

417.0 
74.9 
45.8 
52.1 
" 

Diss 
< 0.05 
0.012 
0.013 

< 0.001 
0.02 
0.008 

< 0.005 
0.024 
1.03 
0.007 
0.02 
0.19 
0.001 

< 0.05 
< 0.05 
< 0.01 
2.52 

< 0.m 
< 0.01 
0. 023 
0.11 
0.017 
0.9 

417.0 
77.8 
42.8 

43.7 
" 

PM 

8.0 

Ni 1 
56.0 

< 5.0 

23% 

2230 
,1200 
1340 
1350 

Total 

< 0.05 
0.022 
0.013 

< 0.001 
0.002 
0.009 

< 0.005 
0. @a 
1.06 
0. aI8 
0.03 
0.18 
0.001 

< 0.05 
< 0.05 
< 0.01 
2.52 

< 0.002 
< 0.01 

0.033 
0.12 
0.151 
0.8 

416.0 
82.1 
47.8 
51.2 
" 

D i  ss 
< 0.05 

0.008 
0.013 

< 0.001 
0.002 
0.010 

< 0.005 
0.029 
1.06 
0.005 
0.03 
0.21 
0.001 

< 0.05 
< 0.05 
< 0.01 
2.60 

< 0.002 
< 0.01 

0.028 
0.10 
0.014 
0.9 

425.0 
80.8 
46.3 

43.7 
" 

9 " E  2 1 
PM 

8.0 
2400 . 

Ni 1 
58.0 
6.0 

2280 
1300 
1360 
1360 

Total 

< 0.05 
0.011 
0.014 

< 0.001 
0.002 
0.008 

< 0.005 
0.064 
1.08 
0.007 
0.02 
0.14 
0. m 

< 0.05 
< 0.05 
< 0.01 
2.59 

< 0.002 
< 0.01 

0.034 
0.11 
0.154 
0.8 

419.0 
75.4 
46.1 
48.4 
" 

D i  ss 

< 0.05 
0.010 
0.012 

< 0.001 
0.002 
0.007 

< 0.005 
0.022 
0.989 
0.007 
0.02 
0.18 
0.001 

< 0.05 
< 0.05 
< 0.01 
2.35 

< 0.002 
< 0.01 
0.026 
0.09 
0.017 
0.8 

391.0 
72.0 
39.9 

42.4 
" 

I- 

Total 

< 0.05 
0.022 
0.013 

< 0.001 
0.002 
0.010 

< 0.005 
0.063 
1.07 

< 0.005 
0.02 
0.13 

< 0.001 
< 0.05 
< 0.05 
< 0.01 
2.58 

< 0.02 
< 0.01 
0.035 
0.10 
0.162 
0.8 

417.0 
74.7 
46.0 
44.6 
" 

Diss 

< 0.05 
0.010 
0.011 

< 0.001 
0.002 
0.008 

<0.005 
0.023 
0.957 
0.009 
0.02 
0.18 

Ir 

- 

< 0.05 
< 0.01 1 

< ;:% r 
< 0.01 

0.015 
0.8 

69.4 
38.1 
379.0 r 

u * Results fmn P. Mehl ing (EPS) 
A1 1 units i n  rq/l unless otherwise indicated 

1 
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TABLE 4 BELL  COPPER  TAILINGS  SUPERNATANT  DISCHARGE  QUALITY - JULY 4, 1984* 

~ ~~~ 

PARAMETER** 

pH1 
specific  conductivity2 
phenol phthal ein at kal  i n i  t as  CaC033 
to ta l  a1 kal in i   ty  a s  CaC03 i 
non-fi 1 terabl e residue 
to t a l  residue 
n i  t r i  te/ni trate 
ammonia 
sul phates 
hardness, Ca ,Mg 
hardness, Total 

Ire1 a t ive  units 
zumhoslcm 8 25°C 
3 t i t r a t e d   t o  pH 4.5 

- 
" 

i 

" 

" 

- 

SAMPLE 1 

8.1 
243.0 

Ni 1 
55.0 

< 5.0 
2390 

0.202 
0.047 

1400 
1570 
1570 

Total 

< 0.05 
0.027 
0.013 

< 0.002 
< 0.002 

0.012 
< 0.005 

0.060 
1.05 
0.005 
0.13 
0.17 

< 0.02 
< 0.05 
< 0.05 

0.01 
3.18 

< 0.002 
< 0.01 

0.045 
0.13 
0.084 
0.7 

463.0 
99.7 
49.8 
50.7 
40.1 

Diss. 

< 0.05 
0.024 
0.013 

< 0.001 
< 0.002 

0.013 
< 0.005 

0.041 
1.08 

< 0.005 
0.03 
0.18 

< 0.02 
< 0.05 
< 0.05 
< 0.01 

3.21 
< 0.002 
< 0.01 

0.045 
0.09 
0.028 
0.7 

477.0 
105.0 
53.8 
" 

" 

SAMPLE 2 

8.1 
245.0 

Ni 1 
55.0 

< 5.0 
2420 

0.081 
0.005 

1400 
1590 
1600 

To t a l  

< 0.05 
0.029 
0.014 

< 0.001 
< 0.002 

0.015 
< 0.005 

0.048 
1.06 
0.009 
0.04 
0.10 

< 0.02 
< 0.05 
< 0.05 
< 0.01 

3.23 
< 0.002 
< 0.01 

0.043 
0.10 
0.045 
0.7 

471.0 
102.0 
51.2 
52.1 
40.5 

Diss. 

< 0.05 
0.029 
0.013 

< 0.001 
< 0.002 

0.013 
< 0.005 

0.037 
1.02 

< 0.005 
0.03 
0.18 

< 0.02 
< 0.05 
< 0.05 
< 0.01 

3.03 
< 0.002 
< 0.01 

0.041 
0.10 
0.020 
0.7 

458.0 
98.0 
49.4 
" 

" 

4 t i  t ra ted t o  pH 8.3 
*Results from P. Mehling (EPS) 

**All units i n  mg/l unless otherwise stated. 
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TABLE 5 MINE SITE RUNOFF TO  STATION  39 - JULY 4,  1984 

PARAMETER* 
~~ ~~ 

pH1 
c o n d u c t i   v i   t y 2  
phenolphthalein a1 k a l   i n i  t 
t o t a l  a1 k a l   i n i t y  as CaC03 $ 
non- f i l   t e rab le   res idue  
t o t a l   r e s i d u e  
sul  phates 
hardness, Ca,Mg 
hardness,  Total 

As 
B 
Ba 
Be 
Cd 
co 
Cr 
cu 
Mn 
Mo 
N i  
P 
Pb 
Sb 
Se 
Sn 
S r  
T i  
V 
Zn 
A1 
Fe 
S i  
Ca 
Mg 
Na 
c1 
K 

as ~ a ~ 0 3 3  

4.0 

Ni 1 
N i  1 

< 5.0 

2500 

2830 
1700 
1690 
1800 

Tota l  

< 0.05 
< 0.001 

0.016 
0.003 
0.006 
0.150 

< 0.005 
25.9 
12.3 

< 0.005 
0.20 

< 0.05 
< 0.02 
< 0.05 
< 0.05 
< 0.01 

1.38 
< 0.002 
< 0.01 

1.01 
15.0 
0.875 
8.9 

336 
208 

16.5 
3.4 
7.6 

D i  ss .  

0.07 
< 0.001 

0.017 
0.003 
0.009 
0.166 

< 0.005 
21.1 
12.6 

< 0.005 
0.22 

< 0.05 
< 0.02 
< 0.05 
< 0.05. 
< 0.01 

1.48 
< 0.002 
< 0.01 

1.05 
16.5 
0.792 

10.1 
358 
235 

19.9 
" 

" 

I r e 1   a t i v e   u n i t s   4 t i   t r a t e d   t o  pH 8.3 
zurnhos/crn (3 25°C *All u n i t s   i n  mg/l unless  otherwise  stated. 
3 t i t r a t e d   t o  pH 4.5 

m 

I 

I 
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1984  and May 1984 i s   s i t u a t e d   a r o u n d  10 m deep w h i l e   i n  May 1983 it was o n l y  

3 m deep. The survey i n  May 1984 o c c u r r e d   s h o r t l y   a f t e r   t h e   t u r n   o v e r   i n  Rum 
Bay and Hagan Arm, fo r   the   Bab ine  Lake  main  arm s t a t i o n s   t h e   t e m p e r a t u r e   a t  
the  sur face had n o t   r i s e n  enough t o   f o r m  a d i s t i n c t  thermocl  ine. 

The c o n d u c t i v i t y   p r o f i l e   i n  May 1983, i n  Rum Bay cons is ts   genera l l y  
o f  a smal l   inc rease  o f   the   conduct iv i t y   near   the   thermoc l ine .  The 
c o n d u c t i v i t y   i n   t h e   h y p o l i m n i o n  was stable  but   increased  near  the  bottom. 
The conduc t i v i t y   p ro f i l e   t h rough   the   sou th   channe l   o f  Rum Bay (F igure  4)  

showed two  water   bod ies   w i th   conduct iv i t y   o f  100 uS/cm. One was a t  the  
thermocl ine a t  Staltions 28,  33 and 34; t h e   o t h e r   h i g h   c o n d u c t i v i t y  was 
s i tua ted   near   the  blottom. T h i s   c o u l d   i n d i c a t e   d i f f e r e n t   e f f l u e n t   d i s p e r s i o n  
s i n c e   t h e   e f f l u e n t   p i p e  had n o t  always  been 8 m deep ( s i t e   i n s p e c t i o n  August 
1985). The nor th   channel   t ransect   (F igure 5 )  showed the  same c o n d u c t i v i t y  
inc rease  a t   the   thermoc l ine  and a t   t he   bo t tom.  A s l i g h t   c o n d u c t i v i t y  
increase i n   t h e   h y p o l i m n i o n  was n o t i c e a b l e   a t   t h e   s t a t i o n s  500 m f rom  the 
e f f l u e n t .  A t  S t a t i o n  30 i n  Hagan Arm, the  rounded  conduct iv i t ies   va lues were 
cons is tan t l y   h igh .  

I n  May 1984 the   h igh   conduc t i v i t y   wa te r  body was s i tua ted   near   the  
surface  of   the  thermocl ine.   Another  water body w i th   h ighe r   conduc t i v i t y  was 
found on the  bot tom  of   the  south  channel .  The south  channel   t ransect  (Figure 
6 )   r e v e a l e d  a s i g n i f i c a n t l y   e l e v a t e d   c o n d u c t i v i t y   a t   S t a t i o n  28, 
150-155 uS/cm f o r  t.he f i r s t  50 meters.  Laboratory measurements d i d   n o t  con- 
firm t h e   r e a d i n g   f r o m   t h e   f i e l d   a t   t h a t   s t a t i o n ,   r a n g i n g   f r o m  93.3 t o  

112  us/cm. In   s i t u   va lues   p resen ted   he re  may be  erroneous. The n o r t h  
channel showed (F igure  7)  an e l e v a t i o n   o f   c o n d u c t i v i t y   a r o u n d  Rum I s land.  

Poor c o r r e l a t i o n   e x i s t e d  between dissolved  copper and c o n d u c t i v i t y  
(Table 6) . Th is   poo r   co r re la t i on   o f   t he   d i va len t   me ta l   cou ld  be r e l a t e d   t o  
the  complexation  of  copper. 

Ex t remely   h igh   conduct iv i t y  was found a t  S t a t i o n  49, 29 m deep  on 
May 1984 w i t h  765  us/cm  measured i n   t h e   f i e l d  and 582  us/cm  measured i n   t h e  
labora tory .  Such  a l e v e l   m i g h t   i n d i c a t e  seepage t h r o u g h   t h e   t a i l i n g s  dam. 

3.3.2 I o n i c  Balance. - An a t tempt   t o  check the   cor rec tness   o f   ana lyses  
w i th   t he   i on i c   ba lance  was  made accord ing ly   to   S tandard  Methods  (1980). 
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TABLE 6 CORRELATION  BETWEEN  DISSOLVED  COPPER  AND  CONDUCTIVITY 

According  to  Standards Methods the  computed ana lys is   shou ld   no t  be  higher 
than 1.5% or   lower   than 2% o f   t h e  measured  va lue.   Calcu lat ions  d i f fer   wi th  
the   l abo ra to ry   conduc t i v i t y   w i th   pe rcen tages   va ry ing   f rom 1 t o  10%. Few 
c a l c u l   a t e d   c o n d u c t i v i t i e s  were 1 ess than 2% o f   t h e  measured c o n d u c t i v i t y .  
E r ro rs   cou ld   o r i g ina te   f rom measurements o f   conduct iv i t y ,   chemica ls ,   o r   the  
i n n a b i l i t y   t o   i n c l u d e   i n   t h e   c a l c u l a t i o n   t h e   i o n i c   f a c t o r   f r o m   s t r o n t i u m .  
The c o r r e l a t i o n  between c o n d u c t i v i t y  and the   s t ron t ium was h igh  r = .95, 
n = 81, f o r   v a l u e s   i n  Rum Bay and Hagan Arm. Th is  was i n  accordance w i t h   t h e  
f i n d i n g s   o f  Roche (1950) on the   m ino r   cons t i t uen ts   i n   l ake   wa te rs .  

3.303 Imnediate and Major Ions. The su l fa tes ,   t u rb id i t y ,   res idues  
and pH r e s u l t s  can  be  found i n  Appendix 111, Tables 1 t o  3; s i l i con ,   ca lc ium,  
magnesium,  sodium, potassium  and  chlor ide  data  are shown i n  Appendix IV, 
Tables 1 t o  3; and a l k a l i n i t y ,  and  hardness are  presented i n  Appendix V, 
Tab1 es 1 t o  3. 

Genera l l y   t he   range   o f   t he   resu l t s  was s i m i l a r   f o r   t h e  Rum Bay, 
Hagan Arm, Granis l  e and  Babine  Lake  Main Arm. Rum Bay was s l   i g h t l y   h i g h e r  
fo r   t he   f i l t e rab le   res idue ,   ca l c ium,  magnesium and  hardness. 

S t a t i o n  49 a t  a dep th   o f  29 m i n  May 1984, had e levated  va l  ues f o r  
su l fa te  (71  mg/ l ) ,   ca lc ium  (54.1  mg/ l ) ,  magnesium  (11.2 mg/l),  hardness 
(182  mg/l ), to ta l   res idue  (397 mg/l ), sodium (36.6 mg/l ), potassium 

(4.30 mg/l) , and c h l o r i d e  (7.4  mg/l 1. Since   t he   non - f i l   t e rab le   res idue   l eve l  

I, 
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was below detection 1 imit, i t  i s  unlikely  that  the sampler  water bot t le  
touched the bottom of the lake and contaminated the sample. 

3.3.4 Organic Carbon. - The to ta l  and dissolved  organic  carbon  values 
were s imilar  i n  May 1984 [6.0 mg/l (Appendix V ,  Tables 2 and 311. No samples 
were taken i n  May 1.983. Station 11 a t  45 m and Station 49 a t  29 m i n  May 
1984 were the exception w i t h  7.0 mg/l and 5.0 mg/l total  organic  carbon. In 
July 1984 the concentrations were between 7.0 mg/l and 9.0 mg/l. This 
increase i n  dissolved and total  organic  carbon can be re1 ated  to  the e f f e c t  
of biological   act ivi ty  of  phytoplankton which a re  known to   re lease a large 
number of organic compounds (Wetzel , 1978). The significance of the amount 
of  organic  carbon is re1 ated t o  the  possi b i l  i t y  of i t  forming  complexes w i t h  
heavy metals. I f  t race metal is  tox ic   to  a par t icu lar  organism, i t s  
ava i l ab i l i t y  may be ef fec t ive ly  reduced t o  a concentration below the toxic i ty  
threshold by excess,ive complexing  of the metal ions by organic compounds 
(Wetzel,  1975). Experiments perfomed by Winner (1985) showed the reduction 
of  toxicity  of  copper  to Daphnia by the addition  of humic acid. The 
introduction of ligands t o  the water  also  reduces the toxici ty  of copper t o  
fish ( N R C ,  1979). 

The stabil l i ty of the bond w i t h  different heavy metal i s  variable; 
zinc  generally forms weak complexes w i t h  1 igands compared t o  copper and lead 
(Chau e t  a l . ,  1974). Mantoura e t  a1 (1978) s t a t e   t h a t  i n  freshwater more 
than 99% of copper and mercury was found to be complexed with humic material, 
while such interaction  only binds 8% o r  less o f  the remaining  trace metal and 
these metals  occur  predominantly ( >  70%) as  free  ions.  Chau and Wong (1975) 
deduced from calculat ion  that  Babine Lake water  has ample capacity  to complex 
ionic  copper and other heavy metal s. The high compl ex ing  capacity  of Babine 
Lake  was related t ' o  the h i g h  organic  matter  indicated by measurements  of 
dissolved  organic c:arbon and dissolved  organic nitrogen. In 1974, their 
calculations gave a complexing capacity o f  1.64 umoles C u / l  , which means t h a t  
one 1 i t re  of  Babine Lake water would chelate  around 104 ug Cu+2. The 
dissolved  organic  carbon  results i n  the present survey were not different 
from the values  reported by Chau and Wong. The complexing capacity  should 
therefore be the same. 
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3.3.5 Organic N i  t r o g e n .   T o t a l   o r g a n i c   n i t r o g e n   v a r i e d   f r o m  
0.116 mg/l t o  0.178 mg/l i n  May 1984  (Appendix V, Table  2)  and  from 
0.111 mg/l t o  0.330 mg/l i n   J u l y  1984 (Appendix V, Table 3 ) .  No samples  were 
taken i n  May 1983. A two-way  Anova f o r   p a i r e d  comparisons showed no 
d i f f e r e n c e   ( p  < 0.05) between t h e  two  sample treatments.  Sampling  error 
c o n t r i b u t e   f o r   t h e   m a j o r i t y   o f   t h e   v a r i a n c e .  The d i f f e r e n c e s  between the  two 
values were usual ly  not   very  extensive  which  might  be  caused  by  smal l  
contaminat ion  or   by  the  preservat ion  technique. 

The ra t io   d isso lved  carbon:d isso lved  n i t rogen  var ied  between 34 t o  
51 i n  May 1984  and 32 t o  98 i n   J u l y  1984.  These h i g h   r a t i o s   i n d i c a t e   t h e  
impor tance  o f   a l loch thonous  mater ia l   s ince  humic acids,  coming  from 
te r res t r ia l   env i ronment ,  have low  nitrogen  content  (Wetzel  1975). The 
autochthonous  mater ia l   produced  by  p lankton  and  to a c e r t a i n   e x t e n t  
macrophytes a re  usua l l y  h igher  i n  n i t r o g e n   c o n t e n t   b u t  more e a s i l y  
degradable.  Organic  nitrogen  can a1 so form  complexes  with  heavy  metal such 
as copper  and  iron. 

3.3.6 Heavy Metals.  Appendix VI shows those heavy  metal  parameters 
t h a t  were c o n s i s t a n t l y  below  the  detect ion limit for  the  three  surveys.  

The r e s u l t s   f o r  barium, manganese and s t ront ium  are  found i n  
Appendix VII, Tables 1 t o  3; and  aluminum, boron, molybdenum, n i c k e l ,  
t i t a n i u m  and t i n   a r e   p r e s e n t e d   i n  Appendix VIII, Tables 1 t o  3. 

Most  values for   boron,  manganese, molybdenum, n i c k e l ,   t i n  and 

t i tan ium  ranged  c lose   to   the   de tec t ion  limit. Aluminum, barium and s t r o n t i u m  
va lue   ranges   d id   no t   l ead   t o   d i f f e rences  between the  four  major  areas; Rum 
Bay, Hagan Arm, Gran is le  and the  Main A r m  o f  Babine  Lake. 

An except ion was found i n  May 1984 a t   S t a t i o n  49, a t  29 m where 
h i g h   t o t a l   a n d   d i s s o l v e d   v a l u e s   w e r e   f o u n d   r e s p e c t i v e l y   f o r   b o r o n  
(0.081 mg/l , 0.067 mg/l),  barium  (0.032  mg/l , 0.032 mg/l ) , manganese 
(0.190 mg/l, 0.184  mg/l 1, molybdenum  (0.018 mg/l,  0.021  mg/l 1, and s t ron t ium 
(2.02  mg/l,  2.01  mg/l). 

I n   J u l y  1984 a t   S t a t i o n  49, t o t a l   n i c k e l  was elevated  throughout 
the  water  column a t  1 m (0.06 mg/ l ) ,  5 m (0.43 mg/l),  15 m (0.39 m g l l ) ,  and 
25 m (0.19  mg/l ). These l e v e l s   a r e  above t h e   I n l a n d  Waters D i r e c t o r a t e  

I 

m 

0 



- 21 - I 

m 

m 

I 

m 

m 

I 

m 

m 

f r e s h w a t e r   q u a l i t y   o b j e c t i v e s   o f  0.025 mg/l f o r   t h e   a q u a t i c   l i f e  (Reeder, 

1979). 
These e levated  leve ls   suggest  seepage t o  Babine  Lake  from  the  west 

t a i l   i n g s  dam No. 2 o f   G r a n i s l e  Mine. 

3.3.7 Copper. The copper  concentrat ions on t h e   f o u r   d i f f e r e n t  zones 
o f  Babine  Lake  can be separa ted   in to  two  categories:  the f i r s t   i n c l u d e s  Rum 
Bay and Hagan A r m  a,nd; the  second includes  the  Main A r m  and the  surrounding 
o f   G r a n i   s l  e. The d i s s o l  ved  copper  concentrations i n  Rum Bay and Hagan A r m  

are  h igher,   ranging  f rom 0.007 t o  0.020 mg/ l ,   whi le i n   t h e  main  arm  and 
Granis le  area it ranges  from  0.001 t o  0.009 mg/l for   the  three  surveys  except  
f o r   S t a t i o n s  37, 38,  39  and 46)  (Appendix VII, Tables 1 t o   3 ) .   I n   t h e  main 
arm the  sur face l e w l   o f   d i s s o l v e d   c o p p e r   n e a r   t h e  mine on Newman Peninsula, 
leve ls   a re   h igh   w i i th  0.063 mg/l  and 0.027 mg/l a t   S t a t i o n s  38  and  39 

r e s p e c t i v e l y   i n  Ma.y 1984  and  0.018  and  0.038 mg/l a t  S ta t ions  37 and  38 
r e s p e c t i v e l y   i n   J u l y  1984. The comparison w i t h  May 1983 was no t   poss ib le  
s i n c e   o n l y   S t a t i o n   4 1   i n   t h e  Main A r m  has  been  sampled a t   t h a t   t i m e .  The 
surface sample a t  Zitat ion 46 i n   J u l y  1984 was 0.020  mg/l dissolved  copper. 
Th i s   S ta t i on  was d i r e c t l y  be low  the   Gran is le   m i l l i ng   s i t e .  

The d i s t r i b u t i o n   o f   c o p p e r   c o n c e n t r a t i o n   i n  Rum Bay where t h e  

t a i l i n g s  pond  supernatant i s  d i scha rged   va r ies   w i th   t he   pe r iod   o f   t ime  
considered. I n  May, 1984 t h e   l e v e l   o f   c o p p e r  seemed t o  decrease w i t h   t h e  
d i s t a n c e   o f   t h e   e f f l u e n t .  The d e p t h   p r o f i l e  d i d  n o t   g i v e  a c o n s i s t e n t  
pa t te rn .  Sometimes t h e   h i g h e s t   l e v e l  was a t   t he   su r face   wh i l e   o the r   t imes  it 

was a t   t h e   b o t t o m   o r   b o t h .   I n  July 1984 the   concent ra t ions   o f   copper  
genera l ly   increase  wi th   depth.  

Genera l l y ,   the   to ta l  and dissolved  copper  concentrat ions were i n  
agreement. A few  discrepancies  occur such  as S t a t i o n  11 i n  May, 1984 a t  80 m 
depth  where t o t a l  copper was 0.026 mg/l  and dissolved  copper 0.012 mg/l. I n  
J u l y  1984 a t   S t a t i o n s  22 (75 m depth)  and 24 (25 m depth) 0.006  mg/l 
d i f fe rence  occur red  between t o t a l  and d isso lved  copper .   Stat ion 11 (5 m 
depth)  had a t o t a l  copper  value o f  0.016 mg/l  and dissolved  copper  value  of  

0.008 mg/l . 
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The concentrations found i n  the Main Arm of Babine Lake  and 
Granisle  area were c loser   to  the objective of the safe  level for  aquatic l i f e  
w i t h  0.002 mg/l  (Demayo and Taylor, 19811, except for  the s t a t ion   d i r ec t ly  
adjacent   to  the mining operations. On s i te  acute   toxici ty  test  done w i t h  
sockeye f ry ,  fingerling and smolts  of Babine  Lake, showed 96 h LC50 from 0.21 
t o  0.22 mgCu+2/1 for  f ry  and 0.24 mgCu+2/1 for  smolts and f ingerl ings (David 
and Shand, 1978). The threshold  for disruption of  osmo-regulation  capacity 
of the sockeye salmon was between 0.105 t o  0.154 mg/l . These values took 
into  consideration the complexing capacity  of Babine Lake (see section on 
Organic Carbon 3.3.4). 

Comparison w i t h  background studies (Beak Consultants  1972) was 
d i f f i c u l t  because  of the h i g h  detection limit ( <  0.05 and < 0.01 mg/l) .  
Chemical data  taken by EPS and reported by Stockner and Shortreed (1978) - 
d u r i n g  the summer 1976, near Noranda and Granisle mine, showed copper 
concentrations  ranging from 0.002 t o  0.006 mg/l. Nevertheless near  Granisle I 

a t  a S ta t ion   tha t  would correspond  to  our  Station  47, a level of 0.29 mg/l 
was found near the bottom (18 metres). Core samples  of sediments taken by 
Stockner and Smith (1974),  300 m from McDonald Is1 and (approximately  Station 
48) showed a h i g h  level of  copper (200 ug/g) a t  a core d e p t h  of 1.0 t o  
1.5 cm. 

(I. 

Very few intensive studies on Babine Lake  had surveyed the i n t e r i o r  
of Hagan Arm near Noranda Bell Mine for  baseline  data.  Studies had been 
conducted i n  Rum Bay and Hagan Arm by Bel 1 Mine and the Waste  Management 
Branch i n  the t h i r d  week of  January,  second week of  February and second week 
of May i n  1983 t o  look a t  the impact  of the discharge  of  supernatant since 
October 13, 1982. The dissolved  copper results reported by Basu (1984) 
showed smaller  concentrations and different prof i le   pat terns   than what has 
been found w i t h  the present data, b u t  the difference was not   s ignif icant ly  
different. 

3.3.8 - Lead. The d i  ssol ved lead  concentration was always bel ow the 
detection limit of 0.001 mg/l (Appendix VII,  Tables 1 t o  3) .  The total   lead 
concentration even though almost  always below the detection limit, showed 
some values  of 0.002 and 0.003 mg/l a t   S t a t i o n  29 i n  May 1983 and a t   S t a t i o n s  
42, 37 and 38 i n  May 1984 a t   a l l  depths. In July 1984 a t   S t a t i o n   1 5   a t  the 

P 
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I 

m 

surface the to t a l  level of  lead was 0.024 mg/l. This anomalous level migh t  
be caused by contamination. 

3.3.9 - Zinc. The zinc  concentration  throughout the surveys mostly 
range from below the detection limit ( <  0.002 mg/l) t o  0.005 mg/l 
(Appendix VII,  Tables 1 t o  3). However, a t  some sites the results were 
higher. In May 198:3, Stat ion 13, 1 ocated on the north arm of Rum Bay,  showed 
a high total  concentration a t  1 m depth (0.19 mg/l ). A t  Stat ion 36 (May 
1983) the concentrations  of  dissolved  zinc were a l l  above the detection limit 
w i t h  a peak of 0.007 mg/l a t  5 m depth. The to ta l   z inc   va lues   a t  the same 
locat ion  are  much higher w i t h  0.019 mg/l, 0.069 mg/l, 0.006 mg/l,  and 
0.070 mg/l a t  the 1 m,  5 m ,  40 m, and 70 m depth ,  respectively.  Probably 
some accumulation o f  zinc  occurred a t  the north end of the Hagan Arm from the 
north end of Rum Bay. Surface  water was 0.034 mg/l to ta l   z inc   a t   S ta t ion  36 
i n  May 1984. 

The concentrations were low i n  May 1984 b u t  i n  July 1984 Stat ions 2 
and 7, c l o s e   t o  the supernatant  outfall ,  showed h i g h  values compared t o  the 
o ther   s ta t ions  i n  the same area. A t  Stat ion 2 levels of dissolved zinc were 
0.023 mg/l , 0.033 mg/l and 0.011 mg/l a t  1 m ,  6 m and 18 m depth 
respectively. The highest concentrations were found a t  1 and 6 metres a t  
Station 2 w i t h  0.02:3 and 0.033 mg/l of dissolved  zinc  respectively. 

In May 1!984 a t   S t a t i o n  42  on the main  arm of Babine  Lake, the 
dissolved  zinc  concentrations were high (0.016 mg/l, 0.039 mg/l, 0.012 mg/l 
and 0.009 mg/l ) compared t o  levels near the mine site. Stat ion 43 on the 
same date showed surface  values  of 0.024 mg/l and 0.012 mg/l of t o t a l  and 
dissolved  zinc  respectively. Both s t a t ions  were 4 km from the mine. In July 
1984 the dissolved zinc result was the highest near  the  waste  rock pi le  a t  
Station 37 w i t h  0.018 mg/l. 

Surface  water  near  Granisle a t   S t a t i o n  49 was 0.023 mg/l and 
0.012 mg/l for  toti l l  and dissolved  zinc on  May 1984. No other  high metal 
l eve ls  were found a t  this s t a t ion  depth i n  May 1984. 

Freshwater  qual i ty   object ives   for   aquat ic  1 i f e  recommended by the 
Inland Waters Directorate (Reeder, 1979) is  0.05 mg/l to ta l   z inc   for   sof t  
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water  (0-120  mg/l  as CaC03). Concentrat ions  exceeding  such  levels were  found 
o n l y   a t   S t a t i o n  36 i n  May 1983  (0.069  mg/l 8 5 m). 

3.3.10 Iron. The i r o n   r e s u l t s   v a r i e d   g r e a t l y  between d isso lved and 
to ta l   concent ra t ions .  More consistent  throughout  the  surveys was t h e  
d isso lved  i ron  which  range  f rom 0.007 mg/l t o  0.024 mg/l  (Appendix VIII, 
Tables 1 t o  3 ) .  To ta l   i r on   concen t ra t i ons   reached   the   h ighes t   l eve l   i n  May 
1984 a t   S t a t i o n  36  on the   sur face   water   w i th  6.42 mg/ l .   Stat ion 35 on the 
same date  near   the  bot tom  at  68 m e t r e s   t o t a l   i r o n   i s  0.635 mg/l.  Near 
G r a n i s l e   a t   S t a t i o n  49, the  bottom sample  (29 m )  showed r e s u l t s   o f  0.548  mg/l 
t o t a l   i r o n .   I n   J u l y  1984, var ious   s ta t ions   (4 ,  7, 10,  13, 15, 22, and  24) i n  
Rum Bay present  concentrat ions  ranging  f rom 0.116  mg/l t o  1.35 mg/l t o t a l  
i r o n ,   a t   d i f f e r e n t  depths.   Wetzel   (1975)  ment ioned  that   typical   total   i ron 
concentrat ion  range  found i n  oxygenated  surface  waters o f  pH 5 t o  8 i s  about 
50 t o  200 ug/ l  , almost none o f   w h i c h   o c c u r s   i n   i o n i c  form.  Higher  levels 
occur i n   c e r t a i n   a l k a l i n e ,   c l o s e d   l a k e s   r i c h   i n   o r g a n i c   m a t t e r .  

3.3.11 Zooplankton  Tissue  Analysis for Heavy Metal. T h e   t i s s u e  
ana lys is  was performed on  a mixed  populat ion  o f   zooplankton.  74% t o  89% o f  
t h a t   p o p u l a t i o n  was composed o f  copepods  (Appendix IX, Table 1). The 
assessment o f   d e n s i t i e s   i s   s u b j e c t   t o   c a u t i o n   s i n c e   i n a d e q u a t e   p r e s e r v a t i o n  
procedures o f  some samples  occurred,  especial ly  for   Stat ions 4 and 31. 

The heavy m e t a l s   r e s u l t s  show a h igh   de tec t i on  1 imit l e v e l  
(Appendix IX, Table  2). The low  weight o f  the  sample a f f e c t   t h e   a n a l y s i s  by 
d im in i sh ing   t he   de tec t i on   l eve l .  The c o e f f i c i e n t   o f   v a r i a t i o n   w h i c h   a r e  

r a t h e r   h i g h  showed t h e   v a r i a b i l i t y   o f   m e t a l   c o n t e n t  between r e p l i c a t e d  
samples  and t h e r e f o r e   t h e  mean values  should be  used w i t h   c a u t i o n .   S t a t i o n  
11 and S ta t i on   31  had the  most homogenous r e p l i c a t e  samples. 

Metal   content i n   t i s s u e  was h i g h e r   a t   S t a t i o n  4, c l o s e r   t o   t h e  
discharge.  Intermediate  concentrat ions were  found a t   S t a t i o n  11 and 31, 300 m 
from  the  discharge  and i n  Hagan A r m  respec t ive ly ,  and the  lowest   meta l  

con ten t   i n   zoop lank ton  was sampled a t   S t a t i o n  41. 

m 

m 

I 
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3.3.12 Fish Tissue Analys is  for Heavy Metal . The complete  analys is   o f  
heavy metal i s  g-iven i n  Appendix X,  Tab1 e 2, suppl emented by  general 
in fo rmat ion  on Appendix X ,  Table 1. Unfortunately,  Appendix X ,  Table 1 does 
no t   p rov ide   i n fo rma t ion  on t h e  age o f   the   spec ies  and the  sexual   stage  of   the 
organism.  Those  data  are known t o   i n f l u e n c e   t h e   t i s s u e   c o m p o s i t i o n   o f   t h e  
f i s h .  The few r e p l i c a t i o n s   o f   a n a l y s i s  makes t h e   i n t e r p r e t a t i o n   s u b j e c t   t o  
caut ion.  

Norma l i zed   l i ve r   t i ssue   da ta  showed s i g n i f i c a n t   d i f f e r e n c e s  between 
hatchery  reared  ra inbow  t rout  and l i v i n g   t r o u t   i n  Hagan A r m  for   copper ,   z inc 
and i r o n ,  and s i g n i f i c a n t   d i f f e r e n c e   w i t h   l i v i n g   t r o u t   i n  Babine  Lake  main 
arm f o r   z i n c  and i r o n .  

Average  values  with 1 i v e r  were d e f i n i t e l y   h i g h e r   f o r   z i n c ,  copper, 
and i r o n   i n  Hagan A r m  and  Main A r m  and h i g h e r   f o r  copper i n  Main A r m  i n  
muscle t i s s u e  compared t o   h a t c h e r y   r a i s e d   t r o u t .  

The copper 1 eve1 was e l e v a t e d   i n  muscle  t issues i n   t h e  Main A r m  

compared t o  Hagan Arm. 

Comparison o f  muscle t issue  analys is   f rom  hatchery  reared  ra inbow 

t rout   (Shearer ,  1984) d i d  not  l e a d   t o   s i g n i f i c a n t   d i f f e r e n c e s .  
Fu r the r   t i ssue   ana lys i s  on f i s h   s h o u l d  be  done i n  o rde r   t o   de tec t  

any bioaccumulat ion  increase. 
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4 CONCLUSIONS 

The ta i l i ngs   superna tan t   d i scha rge  has  been found  out  of   compl iance 
on J u l y  7, 1983 w i t h  0.112 mg/l o f   d isso lved  copper   wh i le   the  Waste I 

Management Permi t  1 imi t i s  0.05 mg/l . Mine s i t e   r u n o f f   t o  Babine  Lake was 
a c i d i c  (pH 4.0) and h i g h   i n   d i s s o l v e d   m e t a l   i n   t h e   o n l y  sample taken on I 

J u l y  4 ,  1984. 
Receiving  water  qual i t y  showed unusua l ly   h igh   conduct iv i t y   near   the  

thermocl ine  and  the  bottom  of  Rum Bay. Hardness  and  copper  were  found t o  be 
h igher  i n  Rum Bay and Hagan A r m  area.  Total  zinc  values were f o u n d   t o  be 
h igh  i n  May 1983 i n  the  Nor th end o f  Hagan Arm. The high  complexing  capaci ty 
o f  Bab ine   Lake  reduces   the   po ten t ia l   o f   the   tox ic   e f fec t   by   the   mine  
discharge. 

c 

T issue   ana lys i s   f o r  heavy  metal s i n  1 i v e r  showed higher  average 
concentrat ions i n  Hagan A r m  than  the  Main A r m  o f  Babine  Lake f o r  copper, 
z inc ,  and i ron.   Muscle  t issues  were  h igher i n  copper f o r   r a i n b o w   t r o u t   i n  
the  Main A r m  than Hagan Arm. 

S t a t i o n  49 1 oca ted   nea r   Gran is le   t a i l   i ngs  dam showed i n   t h e  deep 
sample a h i g h   c o n d u c t i v i t y   l e v e l   o f  765 uS/cm which was assoc ia ted   w i th   h igh  
sulfate,  residues,  hardness,  and  iron  and  various  heavy  metal s. These 
r e s u l t s   c o u l d   i n d i c a t e  seepage o f   t h e   t a i l i n g s   w a t e r   i n t o   t h e   l a k e   a t   t h a t  
area. 

R o u t i n e   m o n i t o r i n g   o f   t h e   f a c i l i t y   s h o u l d   c o n t i n u e   i n   o r d e r   t o  
de tec t  changes  which  might  have  detr imental   ef fect  on the  Babine  Lake 
resources. 
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APPENDIX I 

DESCRIPTION OF SAMPLE  SITES 
AND DATES OF SAMPLING 
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DESCRIPTION OF SAMPLE SITE ON BABINE LAKE STUDY AREA 

ZONE 
i3 

STAT I ON 

Rum Bay 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

LOCATION 

E f f l u e n t   b u b b l e   f r o m   t a i l i n g s  
pond 1 i n e   t o  Hagan A r m  on the  
west  shore 

50 m radius,   Bel l   Mine  marker #6 

100 m ,  n o r t h   o f   S t a t i o n  2 

100 m, sou th   eas t   o f   S ta t i on  3 

100 m, south o f   S t a t i o n  4 

100 m ,  sou th   o f   S ta t i on  5 

100 m ,  c l o s e   t o  shore,  south 
o f  Bei 1 Mine  marker #6 

300 m, nor,th o f   S t a t i o n  3 
n o r t h  arm channel 

300 m ,  sou,th e a s t   o f   S t a t  

300 m ,  sou th   eas t   o f   S ta t  

i o n  8 

i o n  9 

300 m ,  south o f  S t a t i o n  10 

500 m ,  n o r t h   o f   S t a t i o n  8 

500 m ,  sou th   eas t   o f   S ta t i on  12 

500 m ,  south  east of  S t a t i o n  13 

500 m ,  sou th   o f   S ta t i on  14 

500 m, south o f   S t a t i o n  15 

500 m ,  south o f   S t a t i o n  16 

1 C = Conduc t i v i t y  
W = Water Sampl es 
0 = Organic  Carbon 
Z = Zoopl ankton 

DEPTH 
( m )  

9 

35 

15 

27 

56 

47 

15 

75 

70 . 

80 

70 

45 

75 

55 

36 

72 

80 

MAY 
1983 - 
C 1  
I 

1 

1 

1 

2 

1 

2 

2 

2 

1 

1 

2 

1 

1 

1 

1 

1 

2 - 

MAY 
1984 

JULY 
1984 

2 r e f e r  t o  numbers 
o f  sample s e t  

CONTINUED.. . 
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ZONE 
& 

STATION 

Rum Bay 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

- 32 - 

DESCRIPTION OF SAMPLE S I T E  ON BABINE LAKE STUDY AREA 

(Continued) 

LOCATION 

500 m, south  east o f  S t a t i o n  11 

Between  300 and 500 m, n o r t h  
channel o f  Rum Bay, B e l l  mine 
marker  #8 

1000 m, north  channel o f  Rum Bay 

1000 m, north  channel o f  Rum Bay 
south  east o f  S t a t i o n  20 

1000 m, south  channel o f  Rum Bay 

1500 m, north  channel o f  Hagan 
Arm, nor th   eas t  o f  S ta t i on   21  

1500 m, north  channel o f  Hagan 
Arm, south  east o f  S t a t i o n  23 

1500 m, opposi te  o f  Rum I s l a n d  on 
Hagan Arm, south  east o f  S t a t i o n  
24 

1500 m, opposi te  o f  Rum I s l a n d  on 
Hagan Arm, south  east  o f  S t a t i o n  
25 

1500 m, opposi te  o f  Rum I s l a n d  on 
Hagan A r m  

1500 m, south  channel o f  Hagan 
A r m  south  east o f  S t a t i o n  22 

2000 m, Hagan Arm, no r th   eas t  o f  
S t a t i o n  23 

2000 m, Hagan Arm, south  east  o f  
S t a t i o n  29 

DEPTH 
(m) 

75 

45 

13 

36 

90 

7 

36 

54 

40 

8 

80 

8? 

40 

MAY 
1983 - 
C3 - 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

MAY 
1984 

JULY 
1984 

CONTINUED.. . 
m 
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ZONE 
& 

STATION 

Rum Bay 

31 

32 

33 

Hagan A r m  

34 

35 

36 

Main A r m  

37 

38 

39 

40 

41 

- 33 - 

DESCRIPTION OF SAMPLE SITE ON BABINE LAKE STUDY AREA 

(Continued) 

2000 m, Hagan Arm, sou th   eas t   o f  
S t a t i o n  30 

2000 m, Hagan Arm, south of 
S t a t i o n   3 1  

2000 m, Hagan Arm, south of 
S t a t i o n  32 

M i d d l e   o f  Hagan Arm, south  east 
o f  S t a t i o n  33, Bel  1  mine  maker #26 

M i d d l e   o f  Hagan Arm, no r th   eas t  
o f  S t a t i o n  29 

Midd l   e   o f  IHagan A r m  n o r t h  end, 
Bel 1 mine  marker  #23 

East  shore  of  Babine  Lake  main 
arm below waste  rock 

East  shore  of  Babine  Lake  main 
arm bel  ow mil 1 s i t e  

East  shore o f  Babine  Lake  main 
arm across mil 1 s i t e  

East  shore  of   Babine Lake, south 
o f  fe r ry   dock ing  

Middl e o f  I3abine Lake maim arm, 
across  from  Bel 1 m i  ne 

DEPTH 
(m) 

70 

17 

89 

89 

70 

70 

12 

- 

24 

13 

67 

MAY 
1983 

MAY 
1984 

JULY 
1984 

CONTINUED.. . 
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ZONE 
& 

STAT I ON 

Main Arm 

42 

43 

44 

Grani sl e 

45 

46 

47 

48 

49 

- 34 - 

DESCRIPTION OF SAMPLE SITE ON BABINE LAKE STUDY AREA 

(Continued) 

LOCATION 

West shore of  Babine Lake main 
arm across from Bel 1 mine 

East shore  of Babine Lake main 
arm south  of mine s i te  

South  of  Babine Lake main arm 
south  of  Station 4 1  

West shore  of McDonal d -S te r r e t t  
Island 60 m from t a i l i n g s  dams 

West shore of McDonal d Is1 and , 
below Granisle  mill ing s i te  

West shore  of McDonald Island 
waste  rock  near  shore  north  of 
Stat ion 46 

North e a s t  of McDonald Is1  and, 
55 m from t a i l i n g s  

East  shore  of  McDonald-Sterrett 
Island, 130 m from the dam south 
of   Stat ion 48 

29 

- 

18 

8 

29 

MAY 
1983 

MAY 
1984 

JULY 
1984 
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I 

m 

I APPENDIX I 1  

TEMPERATURE AND S E P C I F I C  CONDUCTANCE 

TABLE 1 MAY 29-31,  1983 

TABLE 2 MAY 12-15,  1984 

TABLE 3 JULY 4-9,  1984 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM  MAY 29,  1983 A T  

VARIOUS  STATIONS 

STATION AND 
DEPTH  (m) 

S t a t i o n  1 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

S t a t i o n  2 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 

TEMPERATURE 
( " C )  

13.1 
12.2 
12.1 
8.9 
8.5 
8.1 
7.9 
7.6 
7.2 
6.7 

14.6 
13.0 
12.1 
9.1 
8.6 
8.0 
7.7 
7.4 
7.1 
6.6 
6.4 
6.1 
6.0 
5.9 
5.7 
5.4 
5.2 
5.1 
5.0 
5.0 
4.9 
4.4 
3.8 
3.7 

CONDUCTIVITY 
( W c m  1 

93 
89 
94 
94 
93 
92 
93 
95 
93 
90 

87 
89 
96 
103 
102 
95 
97 
95 
95 
93 
93 
94 
94 
94 
93 
93 
92 
92 
91 
91 
91 
90 
8% 
88 

STAT I ON AND 
DEPTH (m)  

S t a t i o n  3 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

S t a t i o n  4 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 

TEMPERATURE 
( "C)  

14.6 
12.8 
11.7 
9.2 
8.8 
8.4 
7.5 
7.1 
6.7 
6.3 
6.2 
6.1 

14.1 
12.5 
11.8 
9.4 
9.0 
8.2 
7.6 
7.1 
6.7 
6.3 
6.1 
6.0 
5.8 
5.6 
5.4 
5.3 
5.2 
5.1 
5.0 
4.9 
4.9 
4.4 

CONDUCTIVITY 
( W c m )  

88 
90 
95 
103 
98 
97 
96 
95 
94 
95 
94 
94 

88 
90 
94 
101 
102 
96 
97 
95 
94 
95 
94 
94 
93 
93 
93 
92 
92 
92 
91 
91 
91 
88 

CONTINUED... 

I 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 29, 1983 AT 3 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STAT1 ON AND 
DEPTH ( m )  

S t a t i o n  5 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 

S t a t i o n  6 

0 
1 
2 

3 
4 
5 
6 

TEMPERATURE 
( "C :I 

16.8 
13.4 
11.9 
9. 7 
8. 9 
8.4 
7.6 
7. 2 
6.9 
6.3 
6. I1 
6 . 0 
5.9 
5. I3 
5.!j 
5. :3 
5. 2 
5. 1 
5. :1 
5. (1 
4 .8 
4.3  
3.8 
3. :7 
3 .7 
3. :7 
3.7 
3. :7 

14. :7 
13.2 
12.!5 

9.6 
8.9 
8.4 
7. 6 

CONDUCTIVITY 
W c m  1 

85 
88 
92 
91 
99 
97 
94 
95 
93 
93 
94 
91  
91 
91  
92 
92 
92 
92 
92 
91  
91 

88 
88 
88 
88 
91 
91  

a9 

86 
88 
89 

102 
98 
96 
94 

STATION AND 
DEPTH ( m )  

S t a t i o n  6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 

Stat ion 7 

0 
1 
2 
3 
4 
5 

S t a t i o n  8 

0 
1 
2 
3 
4 
5 

TEMPERATURE 
("C) 

7.3 
6.8 
6.5 
6.2 
6.1 
5.8 
5.7 
5.4 
5.2 
5.1 
5.0 
5.0 
4.9 
4.9 
4.4 
3.8 
3.7 
3.7 
3.6 

14.2 
13.4 
11.4 
9.6 
9.1 
8.4 

16.4 
13.4 
10.2 
9.3 
8.8 
7.9 

CONDUCTIVITY 
( Wcm 1 

93 
93 
92 
92 
91 
91 
92 
92 
92 
92 
65 
65 
65 
65 
63 
6 1  
61 
61 
63 

86 
88 
99 

102 
99 
96 

84 
88 
93 

93 
101 
97 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  MAY 29, 1983 AT 3 I 

AT  VARIOUS  STATIONS 
(Continued) 

STATION  AND 
DEPTH ( m )  

Station 8 

6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
75 

Station 9 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TEMPERATURE 
("C) 

7.5 
7.1 
6.9 
6.5 
6.3 
6.1 
5.8 
5.7 
5.6 
5.5 
5.3 
5.1 
5.1 
4.9 
4.7 
4.1 
4.0 
3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
4.0 

17.3 
12.2 
10.9 
9.2 
8.5 
7.9 
7.6 
7.3 
6.9 
6.6 

CONDUCTIVITY 
(uS/cm 1 

93 
94 
93 
93 
93 
92 
93 
93 
92 
92 
91 
91 
91 
90 
90 
89 
88 
87 
88 
88 
88 
91 
91 
91 

102 

80 
87 
86 
90 
90 
90 
89 
89 
90 
89 

STATION  AND 
DEPTH ( m )  

Station 9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 

Station 10 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

TEMPERATURE 
("C) 

6.4 
6.0 
5.8 
5.6 
5.5 
5.4 
5.3 
5.2 
5.1 
4.9 
4.7 
4.1 
3.8 
3.8 
3.7 
3.7 
3.7 
3.8 
3.9 

18.0 
12.2 
11.1 
9.2 
8.3 
7.8 
7.4 
7.1 
6.8 
6.5 
6.2 
6.0 
5.8 
5.6 
5.5 
5.3 

CONDUCTIVITY 
( uS/cm 1 

89 
89 
90 
89 
89 
89 
89 
88 
87 
88 
87 

81 
81  
81 
86 
86 
88 
97 

a4 

79 
88 
89 
95 
89 
89 
89 
90 
89 
89 
89 
90 
90 
89 
89 
89 

CONTINUED ... 
I 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  HAY 29,  1983 AT 3 

AT  VARIOUS  STATIONS 
(Continued) 

STATION  AND 
DEPTH (m)  

Station 10 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 

Station 11 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TEMPERATURE 
- 

("C) 

5.2 
5.1 
5.'0 
4.,8 
4.7 
4.1 
3.8 
3.7 
3.7 
3.7 
3.7 
3.9 
4.0 
4.0 

15.1 
13.1 

8.9 
8.2 
7.7 
7.3 
7.'0 
6.7 
6.5 
6.2 
6.80 
5.9 
5. '8 
5.6 
5.4 
5.2 
5.1 
5.1 
5.0 
4.9 

lo. a 

CONDUCTIVITY 
( uS/cm 1 

88 
88 
88 
87 
87 
87 
84 
84 
86 
86 
87 
94 
102 
132 

~~ 

85 
89 
95 
102 
98 
96 
96 
94 
93 
92 
92 
93 
93 
91 
92 
91 
91 
90 
90 
90 
88 

STATION  AND 
DEPTH ( m )  

Station 11 
25 
30 
35 
40 
45 
50 
60 
70 

Station 17 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 

TEMPERATURE 
("C) 

4.4 
3.8 
3.8 
3.7 
3.7 
3.8 
3.9 
4.0 

16.1 
12.4 
10.4 
8.9 
8.3 
7.8 
7.4 
7.2 
7.0 
6.5 
6.2 
6.1 
6.0 
5.8 
5.6 
5.4 
5.3 
5.2 
5.1 
5.0 
4.9 
4.4 
3.9 
3.8 
3.7 
3.7 
3.8 

CONDUCTlVITY 
( W c m  

88 
85 
85 
87 
87 
88 
92 
104 

as 
90 
94 
91 
92 
93 
93 
95 
95 
93 
94 
94 
93 
93 
93 
92 
92 
91 
91 
91 
90 
89 
87 
85 
87 
88 
90 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  MAY 29, 1983 AT 3 I 

AT  VARIOUS  STATIONS 
(Continued) 

STATION  AND 
DEPTH ( m )  

Station 17 

60 
70 
80 

Station 22 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
3.4 
3.5 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 

TEMPERATURE 
("C) 

3.8 
4.0 
4.0 

~~ 

17.5 
13.7 
11.0 

9.2 
8.7 
8.2 
7.5 
7.3 
6.8 
6.6 
6.4 
6.2 
6.0 
5.9 
5.8 
5.5 
5.3 
5.2 
5.1 
5.1 
5.0 
4.4 
3.9 
3.8 
3.8 
3.8 
3.8 
3.7 
3.8 

CONDUCTIVITY 
( uS/cm 1 

93 
101 
98 

85 
91  
92 
93 
96 
94 
93 
93 
94 
94 
95 
94 
94 
93 
93 
92 
92 
92 
92 
91 
91 
88 
87 
87 
87 
88 
90 
90 
9 3. 

STAT I ON AND 
DEPTH ( m )  

Station 22 

80 
90 

Station 34 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
85 

TEMPERATURE 
("C) 

4.0 
4.0 

13.3 
12.2 
10.5 
8.8 
8.5 
8.3 
7.9 
7.6 
7.3 
7.2 
6.6 
6.2 
6.1 
5.9 
5.5 
5.2 
4.8 
4.6 
4.5 
4.4 
4.2 
3.9 
3.7 
3.7 
3.7 
3.6 
3.9 
3.6 
3.6 
3.6 
3.6 

CONDUCTIVITY 
( W c m  1 

98 
98 

74 
77 
79 
70 
79 
79 
78 
80 
80 
87 
88 
85 
87 
88 
88 
87 
87 
87 
86 
86 
86 
85 
84 
83 

87 
90 
90 
91 
94 

134 

a4 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM  MAY 30, 1983 AT 3 

AT  VARIOUS  STATIONS 

STATION AND 
DEPTH ( m )  

S t a t i o n  12 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 

S t a t i o n  13 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

TEMPERATURE 
( "C :I 

14.!5 
14. :l 
10.4 
9.0 
8.4 
7.9 
7 .6 
7 . !5 
7 . l  
7 . (1 
6.8 
6.6 
6.!5 
6.0 
5.13 
5. (5 
5.:3 
5.1 
5.0 
4.8 
4:7 
4. :2 
3. , 9  
3.7 
3. '7 
3.7 

14.5 
11.7 
10.1 
8.9 
8.0 
7.8 
7.6 
7.5 
7.4 
7.1 
7.0 

CONDUCTIVITY 
( Wcm 1 

93 
94 
97 
98 

107 
101 
100 
100 
101 
99 

100 
99 
99 
99 
98 
99 
99 
98 
98 
97 
97 
96 
94 
93 
94 
96 

91 
95 
95 
95 
97 
97 
97 
97 
96 
98 
97 

STATION AND 
DEPTH ( m )  

S t a t i o n  13 

11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
75 

S t a t i o n  14 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

TEMPERATURE 
( " C )  

6.1 
6.0 
5.8 
5.7 
5.5 
5.5 
5.1 
5.0 
4.9 
4.7 
4.4 
4.0 
3.7 
3.6 
3.6 
3.6 
3.7 
3.9 
3.9 

13.7 
11.2 
10.2 
8.9 
8.1 
7.7 
7.5 
7.3 
6.9 
6.8 
6.5 
6.2 
6.0 
5.9 
5.6 
5.4 
5.3 
5.2 

CONDUCTIVITY 
( W c m )  

97 
97 
97 
96 
96 
96 
95 
94 
94 
94 
92 
92 
90 
91 
93 
93 
94 

104 
105 

92 
94 
95 
97 
96 
97 
97 
98 
98 
98 
97 
99 
98 
98 
99 
97 
96 
96 

CONTINUED. .. 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  MAY 30.  1983 A T  3 

STATION  AND 
DEPTH ( m )  

S t a t i o n  14 

18 
19 
20 
25 
30 
35 
40 
45 
50 
55 

S t a t i o n  15 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

25 
30 
35 

AT  VARIOUS  STATIONS 
(Continued) 

TEMPERATURE 
("C) 

5.0 
5.0 
4.9 
4.6 
4.1 
3.8 
3.6 
3.6 
3.6 
3.6 

13.1 
12.0 
9.6 
9.0 
8.4 
7.8 
7.5 
7.3 
7.0 
6.9 
6.7 
6.6 
6.5 
6.3 
6.2 
5.9 
5.5 
5.3 
5.2 
5.1 
4.9 
4.6 
4.3 
3.8 

CONDUCTIVITY 
(uS/cm 1 

95 
95 
95 
94 
91 
90 
91 
93 
93 
93 

98 
98 

101 
110 
100 
101 
101 
102 
102 
101 
101 
101 
100 
100 
100 
100 
100 
99 
99 
98 
98 
96 
91 
91  

STAT1 ON AND 
DEPTH ( m )  

S t a t i o n  16 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 

a 

S t a t i o n   1 8  

TEMPERATURE 
("C) 

15.4 
10.7 
10.0 
9.1 
8.4 
8.0 
7.6 
7.4 
7.2 
7.1 
6.9 
6.6 
6.4 
6.1 
5.9 
5.7 
5.6 
5.5 
5.4 
5.2 
4.9 
4.5 
4.1 
3.8 
3.7 
3.7 
3.6 
3.6 
3.8 

15.5 
11.9 
10.3 
8.8 
8.1 

I 

CONDUCTIVITY 
( W c m  1 

92 
98 
99 
99 

100 
99 

100 
100 
100 
101 
101 
100 
100 
99 

100 
98 
99 
99 
97 
98 
98 
96 
95 
94 
94 
96 
99 
99 

101 

94 
105 
102 
106 
106 

CONTINUED ... I 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY ( 2 5 O C )  AND TEMPERATURE PROFILE FROM MAY 30,  1983 AT 3 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH ( m )  

S t a t i o n  18 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

S t a t i o n  19 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 

TEMPERATURE 
( " C )  

7.8 
7. !j 
7. 2 
7. :1 
6. 9 
6.7 
6. 6 
6.4 
6. 3 
5.9 
5.9 

12.9 
10.6 
9. 7 
8.13 
8.3 
7.13 
7 .6 
7. !5 
7.4 
7. ;z 
7.1 
6.9 
6.8 
6.0 
5.2 
5.0 
4.9 
4.13 
4. '7 
4.6 
4. !5 
4.1 
3 .I3 
3.7 

CONDUCTIVITY 
( uS/cm 1 

106 
105 
102 
102 
102 
101 
100 
100 
100 
100 
100 

96 
97 
98 
99 
99 
99 
100 
99 
100 
100 
99 
98 
98 
98 
99 
99 
98 
98 
98 
99 
97 
91 
91 
93 

STATION AND 
DEPTH ( m )  

S t a t i o n  19 

40 
45 

S t a t i o n  20 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Station 21 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

TEMPERATURE 
("C) 

3.7 
3.7 

14.8 
13.6 
9.2 
9.6 
8.5 
7.9 
7.5 
7.4 
7.2 
7.0 
6.7 
6.5 
6.3 

14.7 
11.4 
9.8 
8.7 
8.4 
7.9 
7.7 
7.2 
7.1 
6.7 
6.6 
6.5 
6.1 
5.9 
5.7 
5.5 

CONDUCTIVITY 
(Wcm 1 

93 
96 

92 
93 
99 
98 
98 
99 
99 
99 
100 
99 
100 
99 
99 

92 
97 

111 
100 
99 
98 
98 
99 
98 
99 
99 
98 
98 
98 
98 
97 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25OC) AND  TEMPERATURE  PROFILE  FROM  MAY 30, 1983 AT 3 I 

AT  VARIOUS  STATIONS 
(Continued) 

STATION  AND 
DEPTH ( m )  

Sta t i on   21  

16 
17 
18 
19 
20 
25 
30 
35 

S t a t i o n  23 

0 
1 
2 
3 
4 
5 
6 
7 

S t a t i o n  24 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

TEMPERATURE 
("C) 

5.3 
5.2 
5.0 
4.8 
4.7 
4.0 
3.8 
3.7 

15.8 
13.0 
10.8 
10.5 
9.0 
7.6 
7.2 
7.1 

14.8 
11.8 
9.2 
8.6 
7.8 
7.5 
7.3 
7.3 
7.2 
7.1 
6.8 
6.4 
6.2 
6.2 
5.8 

CONDUCTIVITY 
(uS/cm 1 

98 
98 
97 
97 
96 
94 
94 
96 

91 
94 
96 
97 
99 

100 
99 
99 

92 
95 
97 
97 
98 
97 
98 
98 
96 
96 
97 
97 
96 
96 
97 

STATION  AND 
DEPTH ( m )  

S t a t i o n  24 

15 
16 
17 
18 
19 
20 
25 
30 
35 

S t a t i o n  25 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 

TEMPERATURE 
("C) 

5.5 
5.5 
5.4 
5.2 
5.0 
4.8 
4.3 
4.1 
4.0 

15.9 
13.5 
9.8 
8.8 
8.1 
7.8 
7.6 
7.2 
6.8 
6.7 
6.6 
6.4 
6.1 
5.7 
5.6 
5.5 
5.4 
5.2 
5.0 
4.9 
4.8 
4.5 
4.1 
4.0 
3.8 
3.8 

CONDUCTIVITY 
( W c m  1 

96 
96 
96 
95 
95 
95 . 
95 
93 
101 

90 
94 
98 
98 
99 
98 
98 
99 
98 
98 
97 
97 
98 
97 
97 
97 
96 
98 
97 
97 
97 
92 
95 
95 
95 
93 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE FROM MAY 30, 1983 AT 3 

AT  VARIOUS  STATIONS 
(Continued) 

STAT1  ON  AND 
DEPTH  (m) 

Sta t i on  25 

50 
60 

S t a t i o n  26 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 

Sta t i on  27 

0 
1 
2 
3 

- 
TEMPERATURE 

( "C :I 

3.8 
3. a - 

18.9 
13.0 
10. I1 
8. !j 
8. 2 
7. ;r 
7.3 
7. 1 
6.9 
6.8 
6.!i 
6.2 
6.0 
5. 7 
5.6 
5.!j 
5.3 
5. :1 
5.0 
4. !J 
4.8 
4.3 
4. 1 
4.0 
3.9 

15.9 
13.!3 
10.7 
9. :1 

CONDUCTIVITY 
( W c m  1 

93 
93 

88 
96 
97 
98 
99 

100 
100 
99 
99 
98 
99 
99 
98 
98 
99 
97 
97 
96 
97 
97 
97 
95 
96 
95 
95 

90 
92 
95 
98 

STATION  AND 
DEPTH  (m) 

Sta t i on  27 

4 
5 
6 
7 
8 

S t a t i o n  28 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 

TEMPERATURE 
("C) 

8.1 
7.9 
7.5 
7.2 
6.9 

19.4 
13.0 
10.6 
9.4 
8.3 
8.0 
7.7 
7.5 
7.3 
7.3 
7.1 
6.6 
6.4 
6.2 
6.0 
5.8 
5.7 
5.5 
5.3 
5.2 
5.2 
4.6 
4.0 
3.8 

3.8 
3.7 
3.7 
3.8 

3.8 

CONDUCTIVITY 
(uS/cm 1 

98 
98 
97 
98 
98 

88 
97 
99 
98 
99 
99 
98 
97 
98 
98 
98 
99 
97 
98 
98 
97 
97 
96 
95 
95 
94 
92 
91 
91 
91 
94 
96 
96 
98 

CONTINUED. .. 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25OC) AND TEMPERATURE PROFILE FROM MAY 30,  1983 A T  3 

STATION AND 
DEPTH  (m) 

S t a t i o n  29 

0 
1 
2 
3 
4 
5 
6 
7 
8 

S t a t i o n  30 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

TEMPERATURE 
( "C)  

16.6 
11.2 
9.7 
8.8 
8.4 
7.4 
7.2 
7.2 
7.1 

17.6 
11.0 
10.1 
9.1 
8.3 
7.5 
7.0 
6.8 
6.6 
6.5 
6.3 
6.2 
6.1 
6.0 
5.9 
5.6 
5.3 
5.1 
4.8 
4.6 
4.6 
4.2 
4.1 
3.9 
3.8 

CONDUCTIVITY 
(uS/cm 1 

89 
94 
97 
98 
97 
99 
99 
98 
98 

88 
97 
100 
99 
99 
100 
99 
98 
99 
99 
99 
98 
99 
98 
98 
96 
96 
98 
98 
97 
97 
96 
95 
95 
97 

STATION AND 
DEPTH (m) 

S t a t i o n  31 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
68 

i t a t i on  32 

0 
1 
2 
3 
4 

~~ ~ 

TEMPERATURE 
("C) 

15.3 
11.9 
10.2 
8.7 
8.0 
7.8 
7.6 
7.3 
7.1 
7.0 

6.2 
6.0 
5.7 
5.4 
5.2 
5.1 
4.9 
4.7 
4.7 
4.6 
4.3 
3.9 
3.8 
3.7 
3.7 
3.7 
3.7 
3.6 

6.6 

20.8 
12.1 
10.3 
8.7 
8.2 

CONDUCTIVITY 
(uS /cm)  

90 
95 
97 
98 
100 
99 
100 
100 
99 
99 
98 
99 
98 
9% 
97 
9% 
98 
98 
97 
97 
96 
95 
92 
94 
96 
96 
97 
94 
97 

86 
97 
97 
98 
100 

CONTINUEU... 
1 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 30,  1983 AT 3 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH ( m )  

S t a t i o n  32 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

S t a t i o n  33 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 

TEMPERATURE 
( " C )  

7.9 
7.8 
7.15 
7.1 
6.7 
6.4 
6.1 
5.'9 
5.6 
5. '4 
5.2 
5.2 

18.3 
11.7 
10.8 
9.5 
8.4 
8.1 
7.8 
7.5 
7.3 
7.1 
6.9 
6.6 
6.4 
6.2 
5.8 
5.7 
5.6 
5.5 
5.3 
5.3 
5.0 
4.3 

CONDUCTIVITY 
( Wcm 1 

99 
99 
99 
99 
98 
99 
98 
98 
98 
99 
98 
98 

89 
95 
96 
94 
97 
98 
98 
99 
98 
98 
98 
97 
97 
98 
97 
97 
96 
96 
95 
95 
95 
92 

STATION AND 
DEPTH ( m )  

S t a t i o n  33 

30 
35 
40 
45 
50 
60 
70 
80 
85 

S t a t i o n  34 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 

a 

TEMPERATURE 
( " C )  

4.0 
4.0 
3.8 
3.8 

3.7 
3.8 
3.9 
4.0 

3.8 

16.4 
12.2 
10.6 
9.2 
8.4 
8.0 
7.7 
7.4 
7.1 
6.8 
6.3 
5.9 
5.8 
5.6 
5.5 
5.2 
5.0 
4.9 
4.9 
4.7 
4.6 
4.2 
3.9 
3.8 
3.8 

CONDUCTIVITY 
( W c m  1 

91 
90 
89 
90 
90 
91 . 
95 
101 
102 

90 
94 
97 
99 
99 
101 
98 
99 
96 
97 
99 
100 
100 
99 
97 
98 
98 
97 
97 
97 
96 
94 
91 
90 
90 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 30,  1983 AT 3 I 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STAT I ON AND 
DEPTH ( m )  

S t a t i o n  34 

45 
50 
60 
70 
80 

S t a t i o n  36 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TEMPERATURE 
( " C )  

3.7 
3.7 
3.7 
3.6 
3.7 

17.8 
11.7 
10.1 
9.0 
8.4 
7.7 
7.1 
6.7 
6.5 
6.3 

CoNDUCTIVITY ( uS/cm 1 I 

99 I 

STATION AND 
DEPTH ( m )  

S t a t i o n  36 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 

TEMPERATURE 
( "C)  

6.0 
5.9 
5.7 
5.7 
5.5 
5.3 
5.2 
5.1 
5.1 
5.0 
5.0 
4.4 
4.1 
4.0 
3.8 
3.8 
3.7 
3.6 
3.6 
3.6 

~ 

CONDUCTIVITY 
(Wcm 1 

100 
100 
100 
98 
99 
99 
98 
98 
98 
97 
97 
96 
95 
95 
94 
94 
94 
94 
93 
94 
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APPENDIX I1 
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  MAY 31,  1983 AT 

VARIOUS STATIONS 

STATION AND 
DEPTH (m) 

S t a t i o n  4 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 

S t a t i o n  7 

0 
1 
2 
3 
4 
5 
6 

S t a t i o n  8 

0 
1 

TEMPERATURE 
( "C :I - 

14. i' 
14.1. 
12.3 
9.3 
8. 2 
8.0 
7.6 
7.4 
6.7 
6.4 
6.0 
5. 7 
5.6 
5. 5 
5.4 
5. 3 
5 .2 
5. 1, 
4.9 
4. 7 
4.5 
4. I L  

14.7 
14.5 
12.6 
11.7 
8. i' 
7.8 
7.4 

14.3. 
13.5 

CONDUCTIVITY 
( W c m  1 

93 
95 
104 
104 
99 
98 
100 
100 
98 
99 
98 
98 
100 
99 
99 
98 
98 
98 
97 
97 
96 
95 

94 
94 
99 
105 
103 
101 
101 

~~ 

91 
92 

STATION AND 
DEPTH (m) 

S t a t i o n  8 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
75 

S t a t i o n  11 

0 
1 
2 
3 
4 
5 
6 

TEMPERATURE 
("C) 

11.4 
9.3 
8.5 
7.8 
7.6 
7.1 
6.7 
6.5 
6.3 
6.1 
5.9 
5.7 
5.4 
5.3 
5.1 
4.9 
4.7 
4.5 
4.4 
3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.9 

14.2 
14.0 
13.5 
11.5 
8.1 
7.5 
7.1 

~ 

CONDUCTIVITY 
(uS/cm 1 

97 
100 
98 
97 
97 
98 
97 
97 
96 
97 
95 
96 
96 
95 
95 
94 
94 
95 
93 
91 
91 
91 
93 
94 
93 
96 
93 
105 

96 
95 
96 
97 
100 
101 
101 

CONTINUED... 
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APPENDIX I 1  
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 31,  1983 AT 3 

STATION AND 
DEPTH ( m )  

S t a t i o n  11 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 

S t a t i o n  17 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

AT  VARIOUS  STATIONS 

( C o n t i  nued) 

TEMPERATURE 
( "C)  

6.8 
6.4 
6.5 
6.0 
5.8 
5.6 
5.4 
5.4 
5.3 
5.1 
5.0 
4.9 
4.7 
4.6 
4.1 
3.8 
3.8 
3.7 
3.7 
3.7 
3.8 
3.9 

14.3 
14.0 
13.5 
12.4 
11.1 
8.3 
6.7 
6.5 
6.4 
6.2 
5.8 
5.5 
5.4 

CONDUCTIVITY 
( uS/cm 1 

100 
100 
99 
99 
98 
99 
99 
97 
98 
97 
97 
97 
96 
96 
95 
94 
93 
93 
94 
94 
98 
105 

96 
93 
92 
96 
93 
99 
101 
100 
100 
100 
100 
100 
99 

STAT1 ON  AND 
DEPTH ( m )  

S t a t i o n  17 

13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 

S t a t i o n  22 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

TEMPERATURE 
("C) 

5.3 
5.2 
5.0 
4.8 
4.7 
4.6 
4.4 
4.3 
4.0 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.9 
4.0 

13.9 
13.6 
13.1 
12.6 
12.5 
12.4 
8.6 
7.7 
7.3 
7.2 
7.1 
6.7 
6.2 
5.8 
5.7 
5.4 
5.2 
5.1 

CONDUCTIVITY 
(uS/cm 1 

99 
99 
99 
98 
98 
99 
96 
95 
95 
93 
97 
98 
98 
98 
101 
10 1 
105 

94 
93 
93 
94 
95 
94 
97 
100 
99 
99 
98 
98 
99 
98 
97 
97 
98 
98 

CONTINUED... - 
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APPENDIX 11 
TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM  MAY 31,  1983 AT 3 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH ( m )  

S t a t i o n  22 

18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 

S t a t i o n  34 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 

TEMPERA'JURE 
( " C )  

5.10 
4.9 
4.9 
4.5 
4.0 
3. '8 
3.7 
3.7 
3.7 
3.7 
3.9 
4.0 
4.0 

14.0 
13.7 
12.3 
12.2 
12.2 
11.3 
10.2 
10.1 
9.0 
8.9 
6.8 
6.8 
5.8 
5.6 
5.5 
5.5 
5.1 
4.8 
4.7 
4.6 
4.3 
3.9 

CONDUCTIVITY 
(Wcm 1 

97 
95 
94 
92 
90 
90 
94 
96 
100 
98 
107 
105 
105 

96 
98 
99 
98 
97 
97 
97 
97 
99 
98 
100 
98 
101 
100 
100 
97 
98 
98 
98 
99 
96 
94 

STAT1 ON AND 
DEPTH ( m )  

S t a t i o n  34 

30 
35 
40 
45 
50 
60 
70 
80 

S t a t i o n  36 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 

TEMPERATURE 
( " C )  

3.7 
3.7 
3.7 
3.6 
3.7 
3.6 
3.6 
3.6 

14.5 
13.4 
8.8 
7.7 
7.5 
7.3 
6.9 
6.4 
5.7 
5.6 
5.5 
5.5 
5.4 
5.2 
5.0 
4.8 
4.6 
4.5 
4.4 
4.3 
4.2 
4.0 
3.8 
3.7 
3.6 
3.6 
3.6 

CONDUCTIVITY 
(Wcm 1 

93 
96 
98 
101 
106 
108 
103 
107 

94 
96 
102 
102 
103 
102 
102 
104 
103 
103 
102 
102 
102 
101 
99 
100 
100 
100 
99 
99 
99 
98 
98 
100 
99 
100 
97 

CONTINUED.. . 
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TABLE 1 SPECIFIC  CONDUCTIVITY (25°C) AND  TEMPERATURE  PROFILE  FROM  MAY 31,  1983 AT 3 I 

AT  VARIOUS  STATIONS 

STATION  AND 
DEPTH  (m) 

S t a t i o n  36 

60 
65 

S t a t i o n  41 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

TEMPERATURE 
("C) 

3.6 
3.5 

7.8 
7.6 
7.6 
7.6 
7.6 
7.5 
7.4 
7.3 
7.1 
7.0 
6.2 

CONDUCTIVITY 
( W c m  1 

93 
93 

112 
108 
104 
102 
101 
97 
96 
96 
95 
95 
96 

STAT I ON  AND 
DEPTH (m) 

S t a t i o n  41 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
60 
65 

TEMPERATURE 
("C) 

5.8 
5.5 
5.4 
5.3 
5.1 
4.9 
4.5 
4.4 
4.2 
4.2 
3.9 
3.8 
3.7 
3.6 
3.6 
3.6 
3.5 
3.5 

CONDUCTIVITY 
( W c m  1 

97 
96 
96 
95 
95 
94 
95 
93 
94 
92 
90 
87 
84 
81 
79 
77 
73 
72 
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TABLE 2 SPECIF IC   CONDUCTIV ITY ( 2 5 O C )  AND TEMPERATURE  PROFILE  FROM MAY 12-15, 1984 

AT V AR I OU S STAT I ON S 
I 

CONTINUED.. . 
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APPENDIX I 1  
TABLE 2 SPECIF IC   CONDUCTIV ITY (25°C) AND TEMPERATURE  PROFILE  FROM MAY 12-15, 1984 

I 

AT VARIOUS  STATIONS 

( C o n t i n u e d )  

STAT1 ON  AND 
DEPTH ( m )  

~~~ ~ 

S t a t i o n  5 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 
55 
60 

S t a t i o n  7 

TEMPERATURE 
( " C )  

4 .O 
4 .O 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.7 
3.8 
3.7 
3.8 
3.8 
3.8 

6.4 
6.4 
6.5 
6.5 
6.5 
6.4 
6.4 
6.4 
6.4 

CONDUCTIVITY 
( Wcm) 

94 
92 
92 
92 
92 
92 
93 
93 
93 
93 
93 
93 
93 
91 
91 
91 
91 
90 
90 
90 
90 
90 
88 
88 
88 
88 

97 
97 
97 
97 
97 
97 
97 
97 
97 

STATION AND 
DEPTH ( m )  

S t a t i o n  7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2s 
30 
31 
32 
33 
34 
35 
40 
45 
50 
55 

S t a t i o n  9 

0 
1 
2 
3 

TEMPERATURE 
( " C )  

6.4 
5.8 
4.7 
4.3 
4.3 
4.2 
4.1 
4.1 
4 .O 
4 .O 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

6.4 
6.4 
6.3 
6.3 

CONDUCTIVITY 
( Wcm 1 r 

96 
97 
97 
95 
95 
94 
94 
94 
92 
92 
92 
92 
92 
92 
92 
92 
91 
91 
91 
91 
91 
91 
91 
91 
90 
90 
90 
90 
88 
87 
87 

r 
r 
r 
r 
r 
r 
r 
i 
r 
r 
r 

97 
98 
98 P 

CONTINUED.. cr 
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APPENDIX I 1  
TABLE 2 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 12-15, 1984 

AT  VARIOIJS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH (m) 

S t a t i o n  9 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 
55 
60 
65 

TEMPERATURE 
( "C 1 

ti .3 
6.3 
!j .9 
!j .4 
5 .2 
4.9 
4.8 
4.5 
4.3 
4.3 
4.2 
4.1 
4.1 
4 .o 
4.0 
4 .o 
4 .o 
4 .o 
4 .O 
3 .9 
3.9 
3.9 
3 .9 
:I .9 
3.9 
3 .9 
3.9 
:I .9 
:I .9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3 .8 
3.8 
3.8 

CONDUCTIVITY 
(uS/cm) 

98 
98 
98 
98 
98 
100 
100 
99 
98 
96 
96 
95 
94 
94 
94 
92 
92 
92 
91 
91 
91 
90 
90 
90 
90 
88 
88 
88 
87 
87 
87 
87 
87 
87 
87 
88 
88 
91 

STATION AND 
DEPTH (m)  

S t a t i o n  10 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 

TEMPERATURE 
( " C )  

6.2 
6.2 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 
6 .O 
5.9 
4.8 
4.3 
4.2 
4.2 
4.1 
4 .O 
4 .O 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

3.7 
3.7 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

3 .a 

CONDUCTIVITY 
(uS/cm) 

98 
98 
96 
96 
96 
94 
94 
94 
94 
94 
93 
93 
92 
92 
92 
92 
92 
92 
92 
91 
91 
91 
91 
90 
90 
90 
91 
91 
91 
91 
91 
91 
90 
90 
90 
90 
88 
88 

CONTINUED... 
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APPENDIX I 1  
TABLE 2 SPECIF IC   CONDUCTIV ITY (25OC) AND TEMPERATURE  PROFILE FROM MAY 12-15,  1984 

I 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

STAT1 ON  AND 
DEPTH (m) 

S t a t i o n  11 

50 
55 
60 
65 
70 
75 
80 

S t a t i o n  10 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

TEMPERATUl 
( " C )  

3.9 
3.9 
3.9 
4 .O 
4 .O 
4 .O 
4 .O 

6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.3 
6.2 
6 .O 
4.5 
4.3 
4.2 
4.1 
4.1 
4 .O 
4 .O 
4 .O 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 

CONDUCTIVITY 
( Wcm) 

90 
90 
92 
98 
99 
97 
98 

97 
99 
99 
99 
97 
97 
97 
98 
98 
97 
97 
96 
96 
94 
94 
94 
94 
94 
92 
92 
92 
93 
93 
93 
93 
91 

STATION AND 
DEPTH ( m )  

S t a t i o n  13 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 

TEMPERATURE 
( " C )  

6.4 
6.4 
6.4 
6.4 
6.3 
6.2 
6.1 
5.9 
5.5 
5.3 
5 .O 
4.7 
4.7 
4.5 
4.3 
4.3 
4.2 
4.2 
4.2 
4.2 
4 .O 
4 .O 
4.1 
4 .O 
4 .O 
4.0 
3.9 
3.9 
3.9 
4 .O 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

(uS/cm) t CONDUCTIVITY 

96 
97 
99 
99 
98 
98 
97 . 
98 
98 
98 
97 
96 
96 
95 
93 
93 
92 
92 
92 
92 
91 
91 
89 
88 
88 
88 
88 
87 
87 
87 
87 
85 
85 
85 
85 
85 
85 
85 
85 

I 

CONTINUED.. -  
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APPENDIX I I 
TABLE 2 S P E C I F I C   C O N D U C T I V I T Y   ( 2 5 ° C )  AND TEMPERATURE P R O F I L E  FROM MAY 12-15, 1984 

AT  VARIOUS  STATIONS 

(Continued) 
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APPENDIX I  I 
TABLE 2 SPECIFIC  CONDUCTIVITY (25OC) AND TEMPERATURE PROFILE FROM MAY 12-15,  1984 

I 

AT VARIOUS  STATIONS 

( C o n t i n u e d )  

STAT1 ON AND 
DEPTH ( m )  

S t a t i o n  17 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

S t a t i o n  21 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TEMPERATURE 
( " C )  

3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.9 
3.9 
3.9 
3.9 
3.9 

6.6 
6.5 
6.4 
6.3 
6.3 
6.2 
6 .O 
5.4 
5.2 
5.1 

CONDUCTIVITY 
(uS/cm) 

91 
91 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
88 
88 
88 
88 
87 
87 
87 
91 
90 
90 
90 
94 

112 
112 
113 
111 
111 
112 
109 
109 
109 
108 

STATION AND 
DEPTH ( m )  

S t a t i o n  21 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

S t a t i o n  22 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

+ 

" 

" 

- 

TEMPERATURE 
( " C )  

5 .O 
5 .O 
4.7 
4.6 
4.4 
4.3 
4.3 
4.2 
4.1 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
3.9 
3.9 
3.9 
4 .O 
3.9 

6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.1 
6.1 
6 .O 
5.4 
5.2 

P 

CoNDUCTIVITY ( u S / m  1 t 

104 
104 
100 
100 
100 

;; r I 

99 
98 
98 
98 i 
97 
97 

97 
97 t 
97 
98 . 

I 

I 

98 r 

96  96 r 

96 ;: r 

;: r 

98 
96 

95 

95 
95 r 

CONTINUED.. 
5 
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APPENDIX I I 
TABLE 2 SPECIFIC CONDUCTIVITY (25OC) AND TEMPERATURE PROFILE FROM M A Y  12-15,  1984 

I 
AT VARIOUIS STATIONS 

(Continued) 

1 

Y 

Y 

Y 

CONTINUED... 
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APPENDIX I I 
TABLE 2 SPECIFIC  CONDUCTIVITY (25OC) AND TEMPERATURE PROFILE FROM MAY 12-15,  1984 

m 

AT VARIOUS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH (m) 

S t a t i o n  28 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

TEMPERATURE 
("C) 

6.3 
6.3 
5.2 
4.6 
4.3 
4.2 
4.2 
4.2 
4.2 
4.1 
4.1 
4 .O 
4 .O 
4 .O 
3.9 
3.9 
4 .O 
4 .O 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.9 
3.9 

CONDUCTIVITY 
(uS/cm) 

147 
147 
148 
149 
149 
150 
150 
150 
150 
150 
150 
148 
148 
147 
148 
148 
148 
148 
149 
149 
149 
148 
148 
147 
148 
150 
148 
154 
88 
88 
91 
91 
91 
92 
92 

STAT1 ON  AND 
DEPTH (m) 

S t a t i o n  31 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

TEMPERATURE 
( " C )  

6.7 
6.4 
6.4 
6.3 
6.3 
6.3 
6.2 
6.2 
6.2 
6.1 
6 .O 
5.8 
5.1 
4.8 
4.7 
4.6 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
3.9 
3.9 
3.9 
3.8 
3.8 

m 

98 
97 
97 
96 
96 
96 
95 
95 
95 
95 
95 
96 
96 
97 
96 
96 
94 
95 
94 
94 
94 
94 
94 
92 
92 
91 
91 
91 
91 
91 
90 
90 
90 
90 
90 
90 
90 
90 

1 
t 
r 
t 

/I 
r 
r 
r 
r 
r 
m 

CONTINUED . . 
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TABLE 2 SPECIF IC   CONDUCTIV ITY  (25OC)  AND TEMPERATURE PROFILE FROM MAY 12-15, 1 9 8 4  

AT VARIOUS  STATIONS 

( C o n t i n u e d )  
m 

Y 

Y 

Y CONTINUED.. .  
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APPENDIX I I 
TABLE 2 SPECIF IC   CONDUCTIV ITY (25OC) AND TEMPERATURE  PROFILE FROM MAY 12-15,  1984 

1 

STAT1 ON  AND 
DEPTH (rn) 

S t a t i o n  35 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
40 
45 
50 
60 
68 

S t a t i o n  36 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

AT  VARIOUS  STATIONS 

( C o n t i n u e d )  

TEMPERATURE 
( " C )  

4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4 .O 
4.0 
4 .O 
4 .O 
4 .O 
4 .O 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 

6.5 
6.5 
6.5 
6.4 
6.3 
6.2 
5.9 
5.6 
5.2 
5.1 
5 .O 
4.9 
4.7 
4.6 
4.6 
4.5 
4.5 

CONDUCTIVITY 
(uS /cm)  

92 
92 
91 
91 
91 
91 
90 
90 
90 
90 
90 
88 
88 
88 
88 
87 
87 
87 

96 
95 
93 
93 
93 
95 
94 
96 
95 
95 
95 
94 
94 
94 
93 
93 
92 

STATION AND 
DEPTH (rn) 

S t a t i o n  36 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

S t a t i o n  37 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

TEMPERATURE 
( " C )  

4.4 
4.3 
4.2 
4.2 
4.2 
4.2 
4.2 
4.1 
4.1 
4 .O 
4 .O 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

5.6 
5.5 
5.2 
4.9 
4.8 
4.7 
4.6 
4.4 
4.3 
4.1 
4 .O 
4 .O 
4.0 

1 

L L " p  CONDUCTIVITY 

92 
91 
91 
91 
89 
89 
89 
89 
89 
90 
91 
91 
91 
91 
91 
93 
93 
93 
91 
91 
91 
91 
91 

t 
1 
t 

r 
r 

87 r 
87 

86 
86 
86 

84 

CONTINUED..  . * 
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APPENDIX I I 
TABLE 2 SPECIF IC   CONDUCTIV ITY (25°C) AND TEMPERATURE  PROFILE FROM MAY 12-15, 1984 

AT VARIOl lS  STATIONS 

(Cont inued)  
I 

I 

I 

I 

m 
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APPENDIX I 1  
TABLE 2 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM MAY 12-15,  1984 

I 

STAT1 ON  AND 
DEPTH (m) 

S t a t i o n  43 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

S t a t i o n  44 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

AT VARIOUS  STATIONS 

(Continued) 

TEMPERATURE 
( " C )  

4.8 
4.8 
4.7 
4.6 
4.5 
4.3 
4.1 
4 .O 
3.9 
3.9 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

3.7 
3.7 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 

CONDUCTIVITY 
( uS/cm 1 

86 
86 
86 
86 
85 
83 
84 
84 
83 
83 
83 
81 
80 
78 
78 
78 
77 
77 
76 
76 
76 
76 
74 

90 
86 
86 
86 
84 
84 
84 
84 
83 
83 
83 
83 
81 

~ 

STAT I ON  AND 
DEPTH (m) 

S t a t i o n  44 

13 
14 
15 
16 
17 
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19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
35 
40 
50 
60 
70 
80 

S t a t i o n  45 

0 
1 
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TEMPERATURE 
( " C )  

3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
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3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
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3.5 

5 .O 
5 .O 
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4.4 
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4.3 
4.3 
4.3 
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I 

81 
81 
80 
80 
80 
79 
79 
77 
77 
77 
76 
76 
76 
74 
74 
73 
73 
73 
70 
67 
63 
59 
56 
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mb 
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85 
87 
87 
87 
86 
88 
86 
85 
85 

m 

85 

m 

m 
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CONTINUED... 
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APPENDIX I I 
TABLE 3 SPECIFIC  CONDUCTIVITY (25°C) AND TEMPERATURE PROFILE FROM JULY 4-9,  1984 AT 

I 

VARIOUS  STATIONS 

STATION AND 
DEPTH (m) 

Sta t ion  11 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Sta t ion  13 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Sta t ion  17 

0 
1 
2 
3 
4 
5 
6 
7 
8 

TEMPERATURE 
( " C )  

13.8 
13.8 
13.4 
13.2 
13.2 
13.2 
13.1 
11.3 
10.1 
8.4 
8.1 

13.4 
13.3 
13.2 
13.1 
13.1 
13 .O 
11.8 
9.6 
8.6 
8.0 

13.8 
13.8 
13.8 
13.7 
13.7 
13.7 
13.6 
13.1 
10.3 

CONDUCTIVITY 
( Wcm 1 

99 
97 
97 
95 
94 
95 
93 
92 
95 
89 
90 

102 
99 
99 
97 
95 
98 
96 
87 
87 
71 

104 
98 
98 
98 
99 
93 
93 
92 
93 

STAT1 ON AND 
DEPTH (m) 

S t a t i o n  17 
9 
10 

S t a t i o n  21 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

S t a t i o n  31 

8 
1 
2 
3 
4 
5 
6 
7 
8 

S t a t i o n  36 

0 
1 
2 
3 
4 
5 

TEMPERATURE 
( " C )  

9.7 
7.7 

13.2 
13.3 
13.3 
13.2 
13.2 
13.1 
12.1 
11.2 
9.5 
8.6 

13.4 
13.4 
13.4 
13.3 
13.2 
13.2 
13.1 
13.1 
9.4 

12.3 
12.3 
12.3 
12.3 
12.3 
12.3 

CONDUCTIVITY 
( Wcm 1 r 

r 
94 
92 r 

I 

105 r 
105 ::: r 
97 r 
;; f 

99 
99 

98 

-. 

r 
101 
101 

96 
100 r 
2 r 
88 r 
92 
92 

I 

107 i 
104 

99 r 
98 
97 I 

I 
~~ 

CONTINUED.., 
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APPENDIX I I 
TABLE 3 SPECIFIC CONDUCTIVITY ( 2 5 O C )  AND TEMPERATURE PROFILE FROM JULY 4-9, 1984 AT 

VARIOUS :STATIONS 

(Continued) 

STAT I ON AND 
DEPTH (m) 

S t a t i o n  36 

6 
7 
8 
9 

10 
11 

S t a t i o n  41 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 

S t a t i o n  45 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

TEMPERATURE 
( 1 

12.3 
12.1 
1.1.5 
10.2 
10.1 

!J .7 

10.5 
10.5 
10.5 
10.4 
9.8 
9.7 
9.6 
9.1 
13.5 
8.4 
8.3 
a .2 
El .o 
7.9 

12.7 
1it.5 
12.1 
11. .3 
11. .o 
10.6 
10.5 
9.9 
51.6 
9.4 
9.4 

CONDUCTIVITY 
(uS/cm) 

94 
94 
94 
95 
94 
94 

97 
94 
96 
92 
87 
87 
85 
86 
85 
83 
75 
75 
75 
70 

97 
96 
94 
92 
90 
88 
85 
86 
86 
85 
85 

STATION AND 
DEPTH (m) 

S t a t i o n  45 

11 
1 2  
13 

S t a t i o n  49 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

S t a t i o n  2 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 

TEMPERATURE 
("C)  

9 .o 
8.3 
7.6 

13.6 
13.6 
13.4 
12.4 
11.8 
10.8 
10.5 
10.3 
9.4 
9.1 
9 .o 

13.4 
13.4 
13.4 
13.3 
13.2 
13 .O 
13 .O 
12.7 
9.9 
9.6 
8.3 
7.7 
7.2 
7 .O 
6.8 
6.6 
6.5 

CONDUCTIVITY 
( uS/cm) 

84 
84 
84 

98 
97 
96 
91 
89 
86 
88 
83 
84 
79 
79 

106 
105 
104 
102 
101 
100 
97 
98 
96 
97 
92 
93 
77 
86 
86 
82 
82 

CONTINUED... 
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APPENDIX I 1  
TABLE 3 SPECIFIC  CONDUCTIVITY (25OC) AND TEMPERATURE PROFILE FROM JULY 4-9,  1984 AT 

m 

VARIOUS  STATIONS 

( C o n t i n u e d )  

STATION AND 
DEPTH (m) 

S t a t i o n  4 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 S t a t i o n  7 

TEMPERATURE 
("C) 

13.3 
13.3 
13.2 
13.2 
12.8 
12.7 
12.6 
10.7 
9.9 
8.5 
7.6 
7.3 
7.0 

12.9 
12.9 
12.9 

12.8 
12.8 

12 .a 

-L 

" 

" 

c 

CONDUCTIVITY 
(uS/cm) 

106 
105 
104 
103 
103 
102 
102 
102 
96 
98 
94 
95 
93 

107 
104 
103 
103 
98 
101 

STATION AND 
DEPTH (m) 

S t a t i o n  7 

6 
7 
8 
9 
10 
11 
12 
13 

Stat ion 9 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

" 

" 

" 

c 

TEMPERATURE 
("C) 

11.8 
10.2 
9.1 
8.0 
7.8 
7.6 
7.5 
7.3 

14.6 
13.9 
13.4 
13.3 
13.3 
13.1 
12.5 
10.5 
10.1 
8.7 

CONDUCTIVITY 1- 
( uS/cm 1 

I 

99 
99 
95 
92 
93 
93 
89 
87 . 

- 
m 

I 

102 
101 

I 

101 
101 
100 
89 
94 
94 
71 
103 

m 

I 

m 
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m 

m 

1 

m 

m 

m 

1 

APPENDIX I11 

SULPHATES,  TURBIDITY,  RESIDUALS, pH, 
AND LAB  CONDUCTIVITY 

TABLE 1 MAY 31,  1983 

TABLE 2 MAY 1984 

TABLE 3 JULY 1984 
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APPENDIX IV 

TOTAL  AND  DISSOLVED  SILICON,  CALCIUM,  MAGNESIUM, 
SODIUM,  POTASSIUM, AND CHLORIDE 

TABLE 1 MAY 31, 1983 
TABLE 2 MAY 1984 

TABLE 3 JULY 1984 
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APPENDIX V 

ALKALINITY,  HARDNESS, AND ORGANICS  RESULTS 

TABLE 1 MAY 31, 1983 
TABLE 2 MAY 1984 
TABLE 3 JULY 1984 
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APPENDIX VI HEAVY METALS  THAT WERE BELOW  THE  DETECTION LIMIT  (mg/l) 

METAL I DETECTION LIMIT I 
A1 umi num (A1 
Arsenic  (As) 
Boron  (B) 
Bery l  1 i urn ( Be) 
Cadmi urn (Cd) 
Cobal t ( Co 
Chromi um (Cr) 
Molybdenum  (Mo) 
N i c k e l   ( N i l  
Phosphorus ( P )  
Antimony  (Sb) 
Sel  enium ( Se) 
Tin  (Sn) 
T i tan ium  (T i  ) 
Vanadi um ( V )  

0.05 
0.05 

< 0.001 
0.001 

T. 0.0006 D. 0.0005* 
0.005 
0.005 
0.005 

< 0.02 
0.05 
0.05 
0.05 

< 0.01 
0.002 
0.01 

I 

EXCEPTIONS - MAY 1983 

*T. = To ta l  
D. = Dissolved CONTINUED... 

I 

I 

L 

m 
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APPENDIX V I  HEAVY METALS  THAT  WERE  BELOW  THE DETECTION LIMIT  (mg/ l )  

METAL 

T. As 

D .  As 
T. Cd 

T. Co 
T. Cr 
T. P 

D.  P 

(Continued) 

EXCEPTIONS - MAY 1984 

STAT1 ON 

31 
36 
2 
28 
42 
37 
34 
7 
39 

40 
41 
49 

DEPTH 
(m)  

45 
1 
1 
85 
1 
10 
10 
1 
1 
16 
13 
1 
29 

EXCEPTIONS - JULY 1984 

CONCENTRATION 
(mg/l) 

0.06 
0.05 
0.06 
0.003 
0.001 
0.007 
0.005 
0.05 
0.07 
0.07 
0.06 
0.06 
0.06 

METAL  STAT I ON CONCENTRATION DEPTH 
(m) (mg/l)  

2 
0.11 51 4 
0.05 6 

*T. = T o t a l  
D. = Dissolved CONTINUED.. . 
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APPENDIX V I  

c 

METAL 

T .  As 

T. Co 

T. P 
D .  P 
T. T i  

J 

HEAVY  METALS  THAT WERE BELOW  THE DETECTION LIMIT  (rng/l) 
(Continued) 

EXCEPTIONS - JULY 1984 

STATION 

11 
15 
22 
31 
7 
39 
35 
6 
4 
24 
48 

L 

" 

c 

DEPTH CONCENTRATION 
(m) (rng/l) 

30 
0.06 1 
0.17 

0.06 40 
0.12 75 

5 
0.009 15 
0.007 

0.020 8 
0.007 20 
0.003 25 
0.07 5 
0.06 5 

*T. = Tota l  
D. = Dissolved 
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APPENDIX  VI1 

TOTAL  AND  DISSOLVED  COPPER,  LEAD,  ZINC, 
BARIUM,  MANGANESE,  AND  STRONTIUM 

TABLE 1 MAY 31, 1983 

TABLE 2 MAY 1984 
TABLE 3 JULY 1984 
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J 
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APPENDIX X 
TABLE 1 

FISH 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

GENERAL  INFORMATION ON FISH SUBJECT  TO HEAVY METAL ANALYSIS - JULY 1984 

LOCATION 

Hagan A r m  

Hagan A r m  

Hagan A r m  

Hagan A r m  

Hagan A r m  

Hagan A r m  

Hagan A r m  

Mai n A r m  

Mai n A r m  

Main A r m  

Flai n A r m  

Main A r m  

Main A r m  

Mai n Arm 

SPEC1 ES 

~~ 

Rai nbow t r o u t  

Rainbow t r o u t  

Rainbow t r o u t  

Largescal  e sucker 

Largescal  e sucker 

Nor thern  squawf i  sk 

Northern  squawf i  st  

Rainbow t r o u t  

Rainbow t r o u t  

Rainbow t r o u t  

Rainbow t r o u t  

Largescal  e sucker 

Largescal  e sucker 

Nor thern  squawf ish 

LENGTH 

(cm) 

39.4 

29.2 

30.3 

37.4 

44.8 

20.8 

18.9 

26.6 

25.5 

26.4 

27 .O 

50.5 

24.1 

22.4 

NET 
WEIGHT 

( 9 )  

553.8 

243.3 

293.7 

716.6 

1351.3 

99.1 

72.2 

203.1 

173.5 

205.4 

196.2 

1489 .O 

154.1 

127 .O 

MUSCLE 
Wet Weight 

( g )  

24.17 

24.92 

25.38 

27.43 

26.48 

20.17 

15.93 

25.97 

23.18 

23.09 

21.30 

32.04 

18.08 

20.00 

LIVER 
Wet Weight 

( 9 )  

15.31 

12.54 

13.21 

14.26 

16.34 

11.44 

10.95 

11 .oo 

10.77 

11.63 

11.20 

14.33 

11.61 

10.90 



APpEN)IX x 
TABLE 2 

As 
Ba 
Be 
Cd 
co 
Cr 
Nl 
Mo 
Ni 
Pb 
sb 
Sn 
Sr 
Ti 
V 
A1 
S i  
cu 
Zn 
Fe 
P 
Ca 
m 
Na 
Hs 

Moisture 
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HEAVY MAL LEVELS IN FISH TISSUES FROM M I N E  w(E - JULY 1984 

F I S H  #1* 

MJSCLE 

W e t  
(mil) 

< 0.9 
< 0.02 
< 0.02 
< 0.04 
< 0.09 
< 0.09 
0 .08 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
0.2 
0.13 
2.02 

< 0.09 
< 0.9 
< 2.0 
0.31 
4.3 
4.44 

2660 
143 
303 
345 
0 .m 
76.8% 

t 
< 4.0 
< 0.08 
< 0.08 
< 0.2 
< 0.4 
< 0.4 
0.34 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 

0.57 
8.7 

< 0.4 
< 4.0 
< 8.0 
1.3 
118.5 
119.1 

115(10 
6116 
13110 
1490 
0.132 

LIVER 

wet 
( m g )  

< 1.0 
< 0.02 
< 0.02 
0.16 

< 0.1 
0.1 
1.32 

< 0.1 
< 0.4 
< 0.4 
< 1.0 
< 0.2 
0.09 
1.88 

< 0.1 
2 .o 
4 .O 

191 
34.3 
322 
3140 
65 
174 
1240 

0 .an7 
75.4% 

*Refer to fish r#rrber on Table 1 (Appendix X) 

Dry  
( m g )  

< 4.0 
< 0.08 
< 0.08 
0.6 

< 0.4 
0.5 
5.38 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.37 
7.6 

< 0.4 
7 .O 
15 .O 

777 
139 
1310 
12800 

264 
707 
m 

0.023 

F I S H  # 2 k  

MJSCLE 

W e t  
(mil) 

< 0.8 
0.02 

< 0.02 
< 0.03 
< 0.08 
0.1 
0.1 

< 0.08 
< 0.3 
< 0.3 
< 0.8 
< 0.2 
0.32 
1.48 

< 0.08 
< 0.8 
< 2.0 
0.35 
3.13 
3.68 

2210 
213 
274 
250 
0.02 
79 .a% 

Dry  
( m g )  

< 4.0 
0.11 

< 0.08 
< 0.2 
< 0.4 
0.5 
0.48 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.56 
7.3 

< 0.4 
< 4.0 
< 8.0 
1.7 
15.5 
18.2 

lo900 
1050 
1360 
1240 
0.1 

LIVER 

wet 
( m g )  

< 1.0 
0.02 

< 0.02 
< 0.04 
< 0.1 
0.1 
1.57 

< 0.1 
< 0.4 
< 0.4 
< 1.0 
< 0.2 
0.21 
3.19 

< 0.1 
7 .O 

< 2.0 
38.5 
37.2 

208 
3900 
138 
215 
1500 
0.0075 
74% 

Dry 
( m g )  

< 4.0. 
0.09 

< 0.08 
< 0.2 
< 0.4 
0.6 
6.02 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.81 
12.3 

< 0.4 
28.0 

< 8.0 
148 
143 
799 

15000 
531 
827 
5750 

0.029 



PPPENIIX x 
TABLE 2 

MAL 

As 
Ba 
Be 
Cd 
co 
Cr 
Mn 
Mo 
Ni 
Pb 
sb 
Sn 
Sr 
Ti 
V 
A1 
S i  
cu 
Zn 
Fe 
P 
Ca 
w 
Na 
Hg 
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HEAVY MAL LEVELS IN  FISH TISSUES FROM MINE M E  - JULY 1984 

F I S H  # S t  

MJSCLE 

Wet 
(mg/kg) 

< 0.9 
0 .E 

< 0.02 
< 0.04 
< 0.09 
0.15 
0.18 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.34 
2.2 

< 0.09 
< 0.9 
< 2.0 
1.16 
4.72 
4.7 

2700 
323 
302 
31 1 
0 .m 
77.4% 1 

< 4.0 
0.23 

< 0.08 
< 0.2 
< 0.4 
0.7 
0.8 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.5 
9.7 

< 0.4 
< 4.0 
< 8.0 
5.1 
20.9 
20.8 

11900 
1430 
1330 
1370 
0.04 

T LIVER 

Wet 
(mgikg) 

< 0.9 
< 0.02 
< 0.02 
0.21 

< 0.09 
0.14 
1.4 
0.1 

< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.09 
1.81 

< 0.09 
2.4 
3 .O 

348 
35.4 
231 
3060 
56 
171 
1430 
0.001 

77.5% 

DW 
(mil) 

< 4.0 
< 0.08 
< 0.08 
0.9 

< 0.4 
0.6 
6.2 
0.4 

< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.41 
8 .O 

< 0.4 
11 .o 
12 .o 

1540 
l!j7 
1030 
13600 
246 
758 
6350 

0 .ox 

F I S H  # 4 *  

WXLE 

wet 
(mg/kg) 

< 0.6 
0.5 

< 0.01 
< 0.03 
< 0.06 
0.08 
0.19 

< 0.06 
< 0.3 
< 0.3 
< 0.6 
< 0.1 
0.24 
1.25 

< 0.06 
< 0.6 
< 1.0 
0.27 
5.28 
2.31 

1840 
215 
249 
281 

Dry 
(q/kg) 

< 4.0 
0.28 

< 0.08 
< 0.2 
< 0.4 
0.5 
1.16 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.45 
7.4 

< 0.4 
< 4.0 
< 8.0 
1.6 
31.4 
13.7 

lo900 
1280 
1480 
1670 

LIVER 

W e t  
( W M  

< 1.0 
0.05 

< 0.02 
0.12 

< 0.1 
0.1 
1.88 
0.1 

< 0.4 
< 0.4 
< 1.0 
< 0.2 
0.54 
2.35 

< 0.1 
5 .O 

< 2.0 
14.7 
37.7 
49.7 

2450 
87 
179 
1090 

D r y  
( W g )  

< 4.0 
0.18 

< 0.08 
0.4 

< 0.4 
0.5 
7.22 
0.5 

< 2.0 
< 2.0 
< 4.0 
< 0.8 
2.08 
9.0 

< 0.4 
21 .o 

< 8.0 
56.7 
145 
191 
9430 
335 
690 
4190 

0.011 
74% 83.2% 

0.013 0 .m 0.065 
I, 

*Refer to fish nurber on Table 1 (Appendix X) 



PPPENIIX x 
TABLE 2 

As 
Ba 
Be 
Cd 
co 
Cr 
wl 

Mo 
Ni 
Pb 
sb 
Sn 
Sr 
Ti  
V 
A1 
S i  
cu 
Zn 
Fe 
P 
Ca 
“4 
Na 
Hs 

Moisture 
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HEAVY MAL LEVELS I N  FISH TISSUES FROM BABIFB M E  - JULY 1984 

F I S H  #5* 

FzlscLE 

wet 
(@!I) 

< 0.8 
0.07 

< 0.02 
< 0.03 
< 0.08 
0.1 
0.22 

< 0.08 
< 0.3 
< 0.3 
< 0.8 
< 0.2 
0.13 
1 .a 

< 0.08 
< 0.8 
< 2.0 
0.34 
4.37 
4.98 

161 
255 
216 
0.0373 
81.5% 

” 

Dry 
(ng/kg) 
” 

<: 4.0 
0.35 

<: 0.08 
<: 0.2 
<: 0.4 
0.5 
1.17 

<: 0.4 
<: 2.0 
<: 2.0 
< 4.0 
<: 0.8 
0.71 
9.1 

< 0.4 
< 4.0 
< 8.0 
1.8 
23.6 
26.9 

11000 
872 
1380 
1170 
0 .m 
” 

T LIVER 

W e t  
(mg/kg) 

< 0.9 
0.03 

< 0.02 
0.15 

< 0.09 
0.09 
1.79 

< 0.09 
< 0.3 
< 0.3 
< 0.9 
< 0.2 
0.12 
1.46 

< 0.09 
4.4 
3 .O 
31.6 
38.4 
350 
2490 
62 
154 
1180 
0.01 
78.4% 

*Refer to fish nuher on Table 1 (PQpendix X) 

D r y  
(@!I) 

< 4.0 
0.16 

< 0.08 
0.7 

< 0.4 
0.4 
8.29 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.54 
6.8 

< 0.4 
20 
12 
146 
178 
1620 
11500 
285 
710 
5470 

0 .OM 

F I S H  #6* 

W e t  
(mg/kg) 

< 0.8 
0.12 

< 0.02 
< 0.03 
< 0.08 
0.1 
0.29 

< 0.08 
< 0.3 
< 0.3 
< 0.8 
< 0.2 
0.45 
1.78 

< 0.08 
< 0.8 
< 2.0 
0.62 
6.35 
3.33 

2140 
393 
302 
273 

80.7% 
0.015 

D r y  
( m g )  

< 4.0 
0.61 

< 0.08 
< 0.2 
< 0.4 
0.5 
1.49 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
2.33 
9.2 

< 0.4 
< 4.0 
< 8.0 
3.2 
33 .O 
17.3 

11100 
2040 
1578 
1420 
0.079 1 

LIVER 

W e t  
(mg/kd 

< 0.9 
0 .a3 

< 0.02 
0 .a 

< 0.09 
0.3 
1.23 
0.19 

< 0.3 
< 0.3 
< 0.9 
< 0.2 
0.17 
0.39 

< 0.09 
2.6 
2 .o 
6.01 
17.3 
91.4 

1960 
98 
127 
997 

0 .ax32 
79 .a 

D r y  
(mg/kg) 

< 4.0 
0.41 

< 0.09 
0.3 

< 0.4 
1.5 
6.09 
0.9 

< 2.0 
< 2.0 
< 4.0 
< 0.9 

0.85 
1.9 

< 0.4 
13 .O 
11 .o 
29.7 
85.6 
452 
9700 
485 
627 
4930 

0.016 



P P p r n I X  x 
TABLE 2 

As 
Ba 
Be 
Cd 
co 
Cr 
hl 
Mo 
Ni 
Pb 
sb 
Sn 
Sr 
Ti 
V 
A1 
S i  
cu 
Zn 
Fe 
P 
ca 
Ms 
Na 
HS 

h i s t u r e  
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HEAVY MAL LEVELS IN FISH TISSUES FlEoM WINE w(E - JUY 1984 

~ 

F I S H  # P  

MJSCLE 

wet 
(mgkg) 

< 0.9 
0.14 

< 0.02 
< 0.03 
< 0.09 
0.33 
0.39 

< 0.09 
< 0.6 
< 0.3 
< 0.9 
< 0.2 
0.4 
1 .% 

< 0.09 
< 0.9 
< 2.0 
5.01 
8.34 
6.36 

2260 
374 
306 
326 
0.019 
79.6% 

L 

" 

Dry 
( W g )  

< 4.0 
0.67 

< 0.08 
< 0.2 
< 0.4 
1.6 
1.9 

< 0.4 
3 .O 

< 2.0 
< 4.0 
< 0.8 
1 .% 
9.6 

< 0.4 
< 4.0 
< 8.0 
24.5 
40.8 
31.1 

11100 
1830 
1500 
1590 
0.094 

LIVER 

wet 
( W g )  

< 1.0 
0.1 

< 0.03 
0.1 

< 0.01 
0.2 
1.66 

< 0.1 
< 0.5 
< 0.5 
< 1.0 
< 0.3 
0.41 
0.61 

< 0.1 
3 .O 
2 .o 
7.4 
17.1 
115 
1910 
206 
134 
1110 
" 

81 .O% 

*Refer to fish nurber on Table 1 (Appendix X) 

Dry 
(qkg) 

< 7.0 
0.5 

< 0.1 
0.5 

< 0.7 
0.8 
8.7 

< 0.7 
< 3.0 
< 3.0 
< 7.0 
< 1.0 
2.2 
3.2 

< 0.7 
18 .O 
10 .o 
39.1 
90.1 
603 

loan, 
1080 
710 

5850 
" 

F I S H  #8k 

MJSCLE 

W e t  
( W g )  

< 0.9 
0.04 

< 0.02 
< 0.04 
< 0.09 
0.29 
0.14 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.26 
1.37 

< 0.09 
< 0.9 
< 2.0 
2.26 
3.3 
3.65 

2280 
221 
260 
229 
0 .m 
78 .a 

DW 
( m g )  

< 4.0 
0.18 

< 0.08 
< 0.2 
< 0.4 
1.3 
0.64 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.2 
6.3 

< 0.4 
< 4.0 
< 8.0 
10.3 
15.1 
16.7 

lo500 
1010 
1190 
1050 
0.017 

T + 
LIVER 

wet 
(mgkg) 

< 1.0 
< 0.03 
< 0.03 
0.1 

< 0.1 
0.2 
1.42 
0.2 
1.2 

< 0.5 
< 1.0 
< 0.3 
0.09 
1.29 

< 0.1 
3.0 

< 3.0 
84 
29.9 
109 
3610 
58 
194 
1140 
0.002 
73 2% 

Dry 
( mg/kg) 

< 5.0 
< 0.1 
< 0.1 
0.4 

< 0.5 
0.7 
5.3 
0.7 
5 .O 

< 2.0 
< 5.0 
< 1.0 
0.3 
4.8 

< 0.5 
9 .o 

< 10.0 
313 
112 
405 

13500 
220 
720 
4260 

0.006 

1 
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~~ ~ 

As 
Ba 
Be 
Cd 
co 
Cr 
btl 
Mo 
Ni 
Pb 
sb 
Sn 
Sr 
T i  
V 
A1 
Si 
cu 
zn 
Fe 
P 
ca 
Ms 

Hs 
Moisture 

Na 
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WVY WAl LEVO,$ IN  FISH  TISSUES FKN WIM M E  - JULY 1984 

F I S H  # P  

WSCLE 

kt 
( W g )  

< 0.9 
0.08 

< 0.02 
< 0.03 
< 0.09 
0.13 
0.17 

< 0.09 
< 0.3 
< 0.3 
< 0.9 
< 0.2 
0.44 
1 .a 

< 0.09 
< 0.9 
< 2.0 
0.38 
4.19 
2.98 

2760 
395 
318 
261 
0 .om9 
78.3% 

" 

I ) r Y  
( m m  
" 

< 4.0 
0.36 

< 0.08 
< 0.2 
< 0.4 
0.6 
0.78 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
2.01 
8.7 

< 0.4 
< 4.0 
< 8.0 
1.7 
1.9.3 
1.3.7 

12700 
182y> 
1460 
12CQ 
0.032 

T LIVER 

kt 
( W g )  

< 1.0 
0.09 

< 0.02 
0.3 

< 0.1 
0.2 
1.63 

< 0.1 
< 0.4 
< 0.4 
< 1.0 
< 0.2 
0.24 
1.25 

< 0.1 
< 1.0 
3 .O 

226 
4.7.2 
277 
3700 
125 
213 
1580 
" 

72.8% 

S;Refer to fish nurber on Table 1 (Appendix X) 

Dry 
( W g )  

< 4.0 
0.32 

< 0.08 
1.1 

< 0.4 
0.7 
6 .O 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.9 
4.6 

< 0.4 
< 4.0 
10.0 
832 
174 
1020 
13600 
459 
783 

5820 
I 

kt 
(mg/kg) 

< 0.9 
0.02 

< 0.02 
< 0.04 
< 0.09 
0.1 
0.12 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.23 
1.9 

< 0.09 
< 0.9 
< 2.0 
0.28 
3.8 
3.77 

2600 
209 
298 
178 
0.0041 
77 .& 

Dry 
(mg/kg) 

< 4.0 
0.1 

< 0.08 
< 0.2 
< 0.4 
0.5 
0.54 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.02 
8.6 

< 0.4 
< 4.0 
< 8.0 
1.3 
17.2 
17 .O 

11700 
943 
1340 
805 
0.018 

LIVER 

Wet 
(@kg) 

< 1.0 
< 0.02 
< 0.02 
0.07 

< 0.1 
0.2 
1.21 

< 0.1 
< 0.5 
< 0.5 
< 1.0 
< 0.2 
0.07 
0.94 

< 0.1 
2.0 

< 2.0 
58.9 
25 
208 

3330 
52 
180 
1160 
0 .m2 
75 .B 

Dry 
( W g )  

< 5.0 
< 0.1 
< 0.1 
0.3 

< 0.5 
0.6 
4.9 

< 0.5 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.3 
3.8 

< 0.5 
10 .o 

< 10.0 
238 
105 
839 

13400 
210 
720 
4670 

0.017 
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PPPP.DIX x 
TPBLE 2 

As 
Ba 
Be 
cd 
co 
Cr 
Mrl 

Mo 
Ni 
Pb 
sb 
Sll 
SP 
T i  
V 
A1 
Si 
cu 
zn 
Fe 
P 
Ca 
Ms 
Na 
Hg 

Mi sture 

HEAVY METAL LEVELS IN FISH TISSUES FNM WINE M E  - JULY 1984 

F I S H  #11* 

MJSCLE 

W e t  
(mg) 

< 0.9 
0.04 

< 0.02 
< 0.04 
< 0.09 
0.54 
0.18 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.51 
2.12 

< 0.09 
< 0.9 
< 2.0 
4.83 
4.13 
5.94 

2870 
470 
322 
145 
0 .0047 
77.6% 

D r y  
( w k g )  

< 4.0 
0.16 

< 0.08 
< 0.2 
< 0.4 
2.4 
0.78 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
2.27 
9.5 

< 0.4 
< 4.0 
< 8.0 
21.5 
18.4 
26.5 

12800 
2090 
1440 
648 
0 .El 

T 

T 
LIVER 

W e t  
(mg) 

< 1.0 
< 0.02 
< 0.02 
0.19 

< 0.1 
0.1 
1.17 

< 0.1 
< 0.5 
< 0.5 
< 1.0 
< 0.2 
0.13 
3.91 

< 0.1 
2 .o 
3 .O 

140 
31.5 
285 
3520 
77 
182 
1240 
< 0.001 
73.4% . 

qefer to fish nuTlber on Table 1 (Appendix X) 

Dry  
(nrg/kg) 

< 4.0 
< 0.09 
< 0.09 
0.7 

< 0.4 
0.5 
4.41 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.9 
0.5 
14.7 

< 0.4 
8.0 
13 .O 
526 
118 
1070 
13200 
288 
685 
4650 
< 0.004 

F I S H  # 1 2 k  

MJSCLE 

Wet 
( W M  

< 0.7 
0.22 

< 0.01 
< 0.03 
< 0.07 
0.51 
0.88 

< 0.07 
< 0.3 
< 0.3 
< 0.7 
< 0.1 
0.85 
1.65 

< 0.07 
< 0.7 
< 1.0 
4.55 
4.05 
8.11 

2460 
681 
270 
275 
0.0275 

82 .l% 

Dry  
( W g )  

< 4.0 
1.24 

< 0.08 
< 0.2 
< 0.4 
2.8 
4.91 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
4.74 
9.2 

< 0.4 
< 4.0 
< 8.0 
25.5 
22.7 
45.4 

13800 
3810 
1510 
1540 
0.308 

T + 
LIVER 

W e t  
( W g )  

< 9.0 
0.02 

< 0.02 
0.82 

< 0.09 
0.14 
0.98 

< 0.09 
< 0.4 
< 0.4 
< 0.9 
< 0.2 
0.14 
0.57 
0.09 
9.6 
4 .O 
48.6 
46.7 
700 

2220 
60 
139 
1240 
0.009 
78.2% 

D r y  
( W M  

< 4.0 
0.11 

< 0.08 
3.7 

< 0.4 
0.7 
4.48 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
0.62 
2.6 
0.4 
40 
20 
222 
214 
3210 

lo200 
273 
634 

5660 
0.041 

1 
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HEAW METAL LEVIIS I N  FISH TISSUES FROM BABINE w(E - JkY 1- 

hs 
l3a 
Be 
cd 
co 
Cr 
Ih 
klo 
Ni  
Pb 
sb 
Sn 
Sr 
T i  
V 
A1 
S i  
cu 
zn 
Fe 
P 
Ca 
Ms 
Na 
Hg 

Moisture 

F I S H  #1P 

wet 
(mg/kg) 

< 0.7 
0.07 

< 0.01 
0.1 

< 0.07 
0.15 
0.31 

< 0.07 
< 0.3 
< 0.3 
< 0.7 
< 0.1 
0.28 
1.39 

< 0.07 
< 0.7 
2 .o 
0.85 
4.37 
2.49 

2190 
277 
293 
268 
0.013 
81.1% 

" 

Dry 
( w k 3 )  
" 

4: 4.0 
0.36 

': 0.06 
0.5 

4: 0.4 
0.8 
1.63 

<: 0.4 
<: 2.0 
4: 2.0 
<: 4.0 
<: 0.8 
1.46 
7.4 

<: 0.4 
<: 4.0 
9 .o 
4.5 
23.2 
13.2 

llEm 
1470 
1560 
1420 
0.07 

" 

LIVER 

wet 
(mg/kg) 

< 1.0 
0.05 

< 0.02 
0.1 

< 0.1 
< 0.1 
1.91 
0.1 

< 0.4 
< 0.4 
< 1.0 
< 0.2 
0.17 
1.45 

< 0.1 
2 .o 

< 2.0 
14.5 
20.7 
66.4 

2&40 
72 
175 
1100 
0.0069 
77.5% 

*Refer to fish nwber on Table 1 (Appendix X) 

Dry 
(mg/kg) 

< 5.0 
0.2 

< 0.1 
0.4 

< 0.5 
< 0.5 
8.5 
0.6 

< 2.0 
< 2.0 
< 5.0 
< 1.0 
0.8 
6.5 

< 0.5 
8.0 

< 10.0 
64.4 
91.9 
295 

12700 
320 
78) 
4910 

0.016 

F I S H  #14* 

MJSCLE 

wet 
(mg/kg) 

< 0.7 
0.06 

< 0.01 
< 0.03 
< 0.07 
0.11 
0.19 

< 0.07 
< 0.3 
< 0.3 
< 0.7 
< 0.1 
0.33 
1.57 

< 0.07 
< 0.7 
< 1.0 
0.33 
4.55 
2.91 

1980 
326 
281 
353 
0.0228 

a1 .a 

Dry 
(@kg) 

< 4.0 
0.34 

< 0.08 
< 0.2 
< 0.4 
0.6 
1.03 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.8 
1.75 
8.3 

< 0.4 
< 4.0 
< 8.0 
1.8 
24.2 
15.5 

lo500 
1730 
1490 
1870 
0.121 

LIVER 

t 
wet 

( W M )  

< 2.0 
< 0.04 
< 0.04 
0.11 

< 0.2 
0.5 
1.64 

< 0.2 
< 0.8 
< 0.8 
< 2.0 
< 0.4 
0.11 
0 .a 

< 0.2 
< 2.0 
< 4.0 
10.8 
32 
116 

3250 
71 
216 
1140 

53.5% 
0.0087 

Dry 
(@kg) 

< 4.0 
< 0.09 
< 0.09 
0.2 

< 0.4 
1 .o 
3.53 

< 0.4 
< 2.0 
< 2.0 
< 4.0 
< 0.9 
0.23 
1.5 

< 0.4 
< 4.0 
< 9.0 
23.2 
68.9 
249 
6980 
154 
464 
2440 
0.019 
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