
M E M O R A N D U M  
April 14, 1986 

To: Norm Glenn 

Through : Bi 11 Yake , ,) 
~ ' i  

From : Art ~ohnson'and Dale ~orlton 
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Upper Columbia RiverIFrankl in D. Roosevel t Lake 

INTRODUCTION 

A substant ia l  amount of evidence has now accumulated showing the  upper Colum- 
b ia  River (Grand Coulee t o  international  border) i s  contaminated by several 
metals. h o n g  the most s ign i f i can t  f indings are: 

o I n i t i  a1 monitoring f o r  metals in upper Columbia River f i sh  during Ecology's 
1984 Basic Water Monitoring Program (BWMP) showed Northport samples had 
higher levels  of cadmium, lead, zinc,  and copper than elsewhere in the 
s t a t e  (Hopkins, e t  a1 ., 1985). One of the  two edible t i s sue  samples ana- 
lyzed had 8,100 G f i  lead which exceeds the  Food and Drug Administration 
( F D A )  guideline of 7,000 ug/Kg. The 1985 Northport samples have not been 
an a1 yzed . 

o Northport sediment collected during the 1984 BWMP had two to  three  orders 
of magnitude higher lead, zinc, and mercury, and one order of magnitude 
higher cadmium, copper, and arsenic than sediment from the  nine other 
r ive rs  sampled (Hopkins, -- e t  a l . ,  1985). 

o Wnole f i sh  from the Columbia River at  Grand Coulee had the highest concen- 
t ra t ions  of cadmium and th i rd  highest concentrations of lead out of 112 
s t a t ions  sampled nationwide by the United Sta tes  Fish and Wildlife Service 
(USFWS) in 1980-81. Zinc and arsenic concentrations in Grand Coulee f i sh  
exceeded the national 85th percenti le  (Lowe, e t  a1 ., 1985). USFWS has not 
completed analysis of t h e i r  most recent data T o r s a m p 1  es collected in 1983. 

o EPA water qual i ty  c r i t e r i a  for  cadmium, lead, zinc, and copper are often 
exceeded in the Columbia River at Northport. Ecology has received USGS 
water qua l i ty  a l e r t s  f o r  metals a t  t h i s  s i t e  and in the Pend Oreil l e  River, 
an upstream t r ibu ta ry .  

The predominant source of metals i s  thought t o  be h i s to r ica l  discharges by 
Cominco Limited's metallurgical plant a t  T ra i l ,  Bri t ish Columbia. This 
f a c i l i t y  i s  the  larges t  integrated zinc-lead smelting and refining operation 
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e world (Rocchini, r ical  discharges by zi nc- lead 
once operated in o r t  (Orlob, e t  al ., 1954) and 

and mineral deposits in drain Columbia are 
otential  sources. 

The Toxics Surveys Unit vestigate t h i s  
objectives of th i s  work wi 1 1  be: 

asure metals con entrations in res f ish from the upper Columb 
iver/Frankl in D. oosevelt Lake, an l uate potenti a1 hazards to 

and aquatic l i f e .  

o Assess the relat ive im ortance of current metals loads to  t 
o Eva1 uate spati a1 and temporal metals concentrations gradients in bed 

sediments . 
o Obtain a measure of sediment toxici ty  through 

The study area (see Figure 1) includes the 50-mi l e  reach of the Columbia 
River/Franklin D. Roosevelt Lake from just below Grand Coulee Dam t o  the 
international border. Field work will be com leted in three surveys between 
May and September of 1986. 

a ter  quality surveys will be done ay 12-16 and September 8-12. Peak runoff 
in t h i s  drainage occurs from spring snowmel in April and ay. This i s  the 
period of probable maximum transport of sediment and associated metals. Low 
flow occurs in September and i s  the period when adverse water quality impacts 
on aquatic l i f e  would most likely occur. 

Table 1 shows the locations of proposed water sampling stations.  Columbia 
River mainstem s t a t i o  s are Northport, and Grand Coulee D a m .  
Grand Coulee D a m  are a r t  of the Ecology/USGS routine monitori 
four major t r ibutar ies  t o  t h i s  reach of the Columbia--Kettle, Colvil le,  Spo- 
kane, and Sanpoil Rivers--will be sampled a EcologylUSGS routine stations 
except the Kettle River hich wi 1 l be sampl d farther downstream at Orient. 
Collection of independent metals data at the above stations i s  required 
because past Ecology an USGS metals analyses have suffered quality control 

s (Friedman, 198 ) Six smaller t r ibutar ies  were also selected for 
g based on the information referenced in Table I. 

ples wi 1 1  be erature,  pH ( f i e l d ) ,  specific 
conductivity, hardness pended sol ids ,  cadmi urn, lead, mercury, zinc, 

arsenic, alumi um,  manganese, ron, and cyanide (creeks only). 
sampl es wi 1 1 e rep1 icated. t mercury) w i  1 l 

be f i l te red  (0.4 micron) and acidified ules) in the f ie ld for 
determination of total  and dissolved co ns. F low data w i l l  be 
obtained for all  stations.  Table 2 sho ber of samples antici 



GRAND COULEE 

BANKS LAK 

COLVILLE R. 

SPOKANE R. 

F i g u r e  1. Proposed l o c a t i o n s  o f  samples t o  be  c o l l e c t e d  d u r i n g  t h e  W Q I S  
i n v e s t i g a t i o n  o f  m e t a l s  i n  t h e  upper  Columbia R i v e r I F r a n k l i n  
R o o s e v e l t  Lake i n  1986. 



Table 1, Surface water qua1 i t y  s t a t i o n s  f o r  t h e  WQIS survey of metals  in the  upper Columbia River/Frankl in D. 
Roosevelt Lake in 1986. 

.. 
Sta t ion  River Area 

Name - Sampling Location 

Col umbia River a t  Northport 
Deep Creekb ,c 9S 

Big Sheep Creekd 
Onion C r e e k a s b , ~  
Ke t t l e  River a t  Orient 
Colvil l e  River near Ke t t l e  Fa1 1s 
Hal 1 Creekeye 
Hunters Creeka9b 
Alder Creekg 
Spokane River a t  Long Lake 
Blue Creekf 

Sanpoil River a t  Keller  
Columbia River a t  Grand Coulee Dam 

Highway 25 bridge 
Highway 251 bridge 
Highway 25 bridge 
I I  It I1  

t o  be determi ned 
Right bank 1 mile  south of Ke t t l e  Fa1 1s 
Bridge a t  Inchelium 
Highway 25 bridge 
Mouth a t  Frui t land 
Left bank a t  Long Lake powerhouse 
t o  be determi ned 

Bridge off  Highway 21 
Highway 155 bridge 

735.1 
737.0L 
736.7R 
730. 1 L  
706.4R 
699.51. 
677.5R 
659.01. 
557.0L 
638.9 
Spokane t r i b .  
mile 11 
615.0 
596.3 

a - mining contamination ( lead, z inc )  reported (Mowen, 1969) 
b - bed sediments elevated in lead,  z inc (Mowen, 1969) 
c - cadmium depos i t s  in drainge (Hunting, 1956) 
d - z inc ,  copper depos i t s  in drainage (Hunting, 1956) 
e - lead, zinc depos i t s  in drainage (Hunting, 1956) 
f - USGS water q u a l i t y  a l e r t s  f o r  cadmium; potent ia l  aquat ic  t o x i c i t y  f o r  cadmium, aluminum, and o ther  metals 

(Sumioka, 1986) 
g - mining contamination (Ray, 1986) 
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l e  2, Surface wad 

- - 
Tota l  

Collect ion o t a l  Suspended 
Date e ta1  s  So 1 i d s  Hardness Cyani 

15 
w 

15 15 
P 

15 - 8 - 
Tot a1 3 0 3 0 3 0 16 

bed sediments, and a t e r  column s l e s  w i l l  be co l l ec t ed  August 18-22. 
A t  t h i s  t ime, Franklin 5. Roosevelt Lak be a t  f u l l  poo 1 ( import ant f o r  
f i s h  c o l l e c t i o n s  in t h e  upper reaches a  hpor t )  and maximum s t r a t i f i c a -  

on. The reservo r i s  drawn down from January t o  June in preparat ion f o r  
r i n g  runoff and eak power demand. 

Fish wil l  be co l l ec t ed  by s inking 
Bays ( fou r  miles  downstream of Spo 

usc le  samples from other  game f i s h ,  as  ava i l-  

ution of f i s h  t i s s u e  s  own in Table 3. 

Table 3. Fish t i s s u e  sample e  co l l ec t ed  
vey of metals  in t e r  Columbia 
Roosevelt Lake in 1986. 

al l eye Sucker 0th 
Location ---- U S ~  1 @ 

10" 2 
G i  f fo rd  4 4 2 

4 - 2 

18 12 

- Total = 3 6  ----- -- 
e l  low perch an 

f o r  cadmium, 
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Muscle and whole-fish samples wil l  be from individual  f i s h .  Analysis will  
include cadmium, lead, mercury, zinc,  a r sen ic ,  and percent sol ids.  Biological 
d a t a  wi l l include t o t a l  length, weight, and sex .  Age wil l  be determined from 
length-weight re1 at ionships pub1 ished f o r  Frank1 in D. Roosevel t Lake (Beckman, 
1985). 

Sediment samples wi l l be col 1 ected with a 0 .  m2 VanVeen grab 
shown in Table 4. The d i s t r i b u t i o n  of samples will  be in the  

at locat ions 
form of a  

longitudinal t r ansec t .  One sample each will  be rep1 icated a t  Northport and 
Gifford.  The top 2 cm wi l l be retained f o r  ana lys i s .  A v e r t i c a l  p r o f i l e  of 
metals concentrations wi l l be obtained by g r a v i t y  corer  a t  Ket t le  Fa1 l s ,  t h e  
upper l imit  up the  reservoi r  during drawdown, and Seven Bays, in an attempt t o  
determine the h i s to ry  of contamination. Sediment analysis  wi l l be f o r  cadmi u m ,  
1 ead, mercury, zinc,  copper, a rsenic ,  aluminum, manganese, i ron ,  grain s i z e ,  
t o t a l  non-vol a t i  l e  s o l i d s ,  and percent sol i d s .  Core increments wi 1 1  be dated 
by 1 3 7 ~ s  a c t i v i t y .  

Table 4 .  Sediment samples t o  be co l l ec ted  during the  WQIS sur-  
vey of metals in the u p p e r  Columbia RiverIFranklin D. 
Roosevelt Lake in 1986. 

Surface Vertical 
Location Sed iment Prof i  1 e  

~ o r t h p o r t ?  3 
Northport mi 1 1  s i t e s  ( 2 )  2 
Kett 1 e  Fa1 1 s t  2 5 
Gi fford? 3 
Seven ~ a y s ?  2 5 
Grand Coulee forebay? 
Selected t r ibu ta r i e s*?  

Subtotal = 17 Subtotal = 10 
Total = 27 

Tbioassay 
" select ion t o  be based on r e s u l t s  of May water qua l i ty  survey 

Sediment bioassays using the  cladoceran Daphnia pulex and the  amphipod Hyalella 
P 

azteca will  be done on sample a l iquots  s ix  s i t e s  indicated in 
ence s t a t i o n  (low metals concentrat ions in sediment) wi l l be selected 

analysis  of several t r i b u t a r y  sediments col lected during the  May water 
qua1 i t y  surv bioassay i s  a  48-hour e l u t r i a t e  t e s t ,  i n  t h i s  
case  intended a v a i l a b i l i t y  and t o x i c i t y  of sediment associated 
metals.  The ay i s  a  10-day t e s t  in which the  amphipods remain 
i n  contact  wi . Each sample wi l l be tested in t r i p 1  i c a t e .  E l u -  
t r i  a t e  and bioassay water wi I 1  be Manchester dechl orinated t a p  water. Suff i- 
c i e n t  excess sample will  be col lected a t  s i t e s  with the  highest probabi l i t y  of 
t o x i c i t y  t o  enable follow-up d i l u t i o n  bioassays. 
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a t e r  co l u m n  s  pl  ing will consist  of one p r o f i l e  each a t  Kett le  Fa1 1s and 
Seven Bays. S  pling wil l  be done with a  10-1 i t e r ,  tef lon- lined '" 
bo t t l e .  Dupli t e  samples from ea h cas t  wi 1 1 be an lyzed fo r  tern 
pH ( f i e l d ) ,  dissolved oxygen ( f i e1  ) ,  conduct iv i ty ,  ardness, nutr 

nded so l ids ,  cadmium, lead, mercur per, arsenic,  alu- 
anese, and iron ( t o t a l  and dissolv Sampl ing depths 
ected on the basis  of tem r o f i  les obtained with a  bathy- 

e  estimated numbers l e s  to  be generated are shown 

a t e r  column s  p l  es to  be col lec ted during 
vey of metals the upper Columbia River/Fr 
Roosevelt Lake in 1986. 

e t a l s  Conductivity, Hardness, 
Location Tot a1 Di sso l ved u t r i en t s ,  Solids 

Kett le  Fa l l s  6 

Seven Bays 3 
w 

3 - 
Subtotal = 9 9  

3 depths; Ket t le  Fal ls  samples repl ica ted 

A summary of the  proposed sampling program i s  shown in Table 6 .  

alyses f o r  these surveys w i  l l be done by Steve Twiss of the Ecology/ 
es te r  1 aborator The accuracy and recis ion of the analyses wi 11 be 

andard reference materi  a1 s ,  
e  reference materi a1 s  t o  be 

Table 7 .  Reference ma te r i a l s  t o  be analyzed by t h e  Ecology/EPA 
aboratory f o r  Ecology's survey of meta ls  in t h e  upper 
i v e r l f r a n k l i n  D. Roosevelt Lake in 1986. 

Saa;..ple Type Analytes 

NBS-SRM 1642 Mercury in Water Mercury 

I " 1643 Trace Elements Arsenic,  cadmium, copper ,  i ron ,  lead ,  manganese, 
i n  Water z inc ,  and o the r s  

* U 1645 River Sediment Aluninum, i ron ,  z inc ,  cadmiun, copper,  lead,  
lead ,  manganese, mercury, and o the r s  

WBS-RM 50 Albacore Tuna r cu ry ,  z inc ,  a r s e n i c ,  lead,  and o the r s  



Table 6. Summary o f  sample analyses r e q u i r e d  f o r  WQIS survey  o f  m e t a l s  i n  upper Columbia R i v e r I F r a n k l i n  D. Roosevel t  Lake i n  1986. 

Water Samples Water Samples Water Samples T i s s u e  Samples Sediment Samples 
May 12 - 16 September 8-12 August 18 - 22 August 18 - 22 August 18 - 22 

TSS, 
SP. 

Spec . Spec . Cond . , 
Mt I s  Cond . m l s  Cond. M t l s  Hard., M t l s  M t l s  % M t l s  G r a i n  % Daphnid Pmphipod 

Sample L o c a t i o n  ( 9 )  TSS Hard. Cyan. ( 9 )  TSS Hard. Cyan. ( 9 )  N u t r .  ( 5 )  ( 3 )  S o l i d s  ( 9 )  S i z e  TNVS S o l i d s  b ioassay  b i o a s s a y  

Columbia R. @ 
k r t h p o r t  

Deep Creek 

B i g  Sheep Creek 

Onion Creek 

K e t t l e  R i v e r  

Co lunb ia  R. @ 
K e t t l e  F a l l s  

C o l v i  1 l e  R i v e r  

Co lunb ia  R. 
@ G i f f o r d  

H a l l  Creek 

Hunte rs  Creek 

A lder  Creek 

B lue  Creek 

Spokane R i v e r  

Columbia R. 
@ Seven Bays 

Columbia R. 
Grand Coulee 
fo rebay  

Sanpoi l R i v e r  2 1 1  2 1 1  

Co lunb ia  R. b lw .  - 2 - 1 1  - 2 1 1  - - - -  - - - - - - - - - - - - 
Grand Coulee 

T o t a l  = 30 15 15 8 30 15 15 8 18 9 30 6 36 27 27 27 27 6 6 

NOTE: m e t a l s  QA samples ( a p p r o x i m a t e l y  1 0  p e r c e n t )  n o t  shown 

Meta ls  ( 9 )  = cadmiun, lead,  mercury, z inc ,  copper,  a rsen ic ,  aluminum, manganese, i r o n  
M e t a l s  ( 5 )  = cadmium, lead,  mercury, z i n c ,  a r s e n i c  
Meta ls  ( 3 )  = cadmium, lead,  mercury  

t p a r e n t h e s i s  i n d i c a t e s  t e n t a t i v e  l o c a t i o n  o f  sample 
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Fie ld  and methods blanks wil 1 be analyzed f o r  each sample col l ec t ion .  The 
i l i t y  of t he  system se lec ted  t o  f i l t e r  water without introducing cont 

nat ion has been documented (Norton and Johnson, 1985). 

anches t e r  1 abor a to ry  as  had chronic problems analyzing water samples 
without introducing contamination by lead, z i n c ,  copper,  and o ther  metals .  
F i l t e r i n g  and ac id i fy ing  in  the  f i e l d ,  use of sample conta iners  prepared by 
a r igorous acidleachi  g procedure (Moody, --- e t  - a1 * ? 1977), and analys is  by 
d i r e c t  a sp i r a t ion  a t  anchester  a re  th ree  s t e p s  ~n tended  o el iminate these  
problems. The r e s u l t  obtained by these  procedures wi 1 l e f i e l d- t e s t e d  
before use on t h e  Columbia. 

Manchester has a l so  r ecen t ly  shown poor accuracy in  mercury ana lys is  of f i s h  
t i s s u e .  This problem i s  not ye t  resolved.  The serv ices  of a con t rac t  labora- 
t o r y  may be needed. 

COSTS 

The speci a1 i t  s shown in Table 8 wi l l  be needed to  s a t i s f a c t o r i l y  complete 
t h e  survey: 

Date 
P 

1986 

ay 12-16 
June 30 
August 18-22 
September 8-12 
October 31 

March 
ay 

T A R G E T  COMPLETIO 

A c t i v i t y  

high-flow water q u a l i t y  survey 
da ta  r epor t  
f i s h ,  sed . ,  water column sampling 
low-flow water q u a l i t y  surve 
da ta  r epor t  

f i n a l  repor t  

Personne 1 

Johnson/Morton 
anc hes ter  l ab 

Johnson/Norton/Y ake 
Johnson/Norton 
Manc hes ter  1 ab 

Attachment 



Table 8 .  Equipment, suppl ies ,  and services  required f o r  WQIS survey of metals in the  upper Columbia 
River/Frankl in D. Roosevel t Lake in 1986. 

Cost 
P 

Sinking g i l  1 net 
(250' x 6" var iable  mesh) 

137Cs analysis  

Bathythermograph ren t  a1 
Bathythermograph s l  ides 
Reversing thermometers and rack renta l  
Corer renta l  
Core l i n e r s  

Reference material s :  
SRM 1645 River Sediment 

SRM 1642 Mercury in Water 
SRM 1643b Trace Elements in Water 
RM 50 A1 bacore Tuna 

Elect r ic  winch modification 
Hyd rowi r e  
Nuc 1 eopore f i 1 t e r s  

(0.4 micron) 

2 

10 

1 week 
6 
1 uni t  
1 week 
6 ( 4 '  ea )  

1 

1 
1 
1 

1 
100 meters 
5 0 

Eastside Net Shop, Bothell 

Dr. A. Nevissi, Univ. of Wash. 

Dept, of Oceanography, Univ. of Wash. 
I t  i t  I1  I I I t  11 

'I I t  II I t  !I I t  

I I I t  I t  !I !I 11 

i ' $1 I! I I I1  II 

Office of Std. Ref. Materials,  
National Bureau of Standards, 
Gaithersburg, MD 
11 

t i  

I 1  

Zeiglers  Welding, Olympia 
Kahlsico In t .  Corp., E l  Cajon, CA 
Nucleopore Corp., P l  easanton, CA 

480 

$ 600 

$ 14 
$ 1 2  
$ 40 
$ 35 
$ 24 

$ 118 

$ 156 
$ 165 
$ 85 

250 e s t  
184 

$ 135 

Total = $2,398 
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