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A 1 imited survey conducted in the summer of 1989 indicated that con- 
centrations of seven metals (Ag, Cd, Cu, Hg, Ni , Pb, Zn) in Norton Sound 
seawater are typical of coastal seawater. Of particular interest was Hg, 

which was determined to be in the range of 1 to 2 ng/L. Previous monitoring 

studies, which used a less sensitive U.S. Environmental Protection Agency 

(EPA) method, reported values one hundred times higher. 

There was no indication of horizontal or vertical gradients in the 

concentrations of metals. The Snake River, which enters Norton Sound at 
Nome, Alaska, does not appear to be a significant source of metals to Norton 

Sound. 

Seawater samples collected in the turbidity plume of the BIMA gold 
dredge contained elevated concentrations of total metals as a result of 

suspended sediment. However, dissolved metal s were not significantly 

elevated in seawater down-current of the gold dredge. 

Sediment elutriate tests conducted on three sediments indicated As and 

Ni may be released during sediment resuspension processes. A comparison was 

made between the EPA Method 3005 for Total Recoverable metals in water and 

chemical oceanographic methods for metal s in seawater. The Total Recoverabl e 

digestion method causes significant contamination of the seawater for some 

metals. The EPA methods for analysis of metals in water are not sensitive 

enough to quantify the natural concentrations of metal in coastal seawater. 

The concentrations of Hg and As in hair samples from Nome women were 

below the levels of concern for human health. The ingestion rate of methyl- 

mercury by these 200 women of Nome is estimated to be much lower than had 

been predicted from data on other populations that consume significant 

quantities of fish and marine mammals. 
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INTRODUCTION 

The U.S. Department o f  the  I n t e r i o r  Minerals Management Service i s  pro- 

posing t o  lease submerged federal  lands i n  Norton Sound, which i s  near Nome, 

Alaska, f o r  p lacer  mining o f  gold. The Department bel ieves t h a t  recovery o f  

minerals and p ro tec t ion  o f  the  environment are compatible. Minerals Manage- 

ment Service contracted w i t h  t h e  P a c i f i c  Northwest Laboratory (PNL)(a) t o  

i nves t iga te  the  concentrat ions o f  selected metals i n  environmental samples 

from Norton Sound. 

Trace-metal data f o r  seawater i n  Norton Sound ava i lab le  through November 

1988 suggested t h a t  elevated concentrat ions o f  t r a c e  metals may be the  r e s u l t  

o f  e i t h e r  present and past mining a c t i v i t i e s  o r  natura l  sources. These data 

were suspected t o  be inaccurate because the  methods used f o r  sampling and 

ana lys is  were no t  s ta te-o f - the-ar t  and were be1 ieved t o  r e f l e c t  contamina- 

t i on ;  therefore,  the  methods were not  deemed appropr iate f o r  the  quan t i f i ca -  

t i o n  o f  t race  metals i n  coastal  seawater. 

P a c i f i c  Northwest Laboratory s t a f f  sampled seawater near Nome i n  June 

and September 1989. These seawater samples and sediment samples were analy- 

zed f o r  t race  metals w i t h  t h e  fo l l ow ing  object ives:  1) t o  determine the  

concentrat ions o f  metals i n  surface and bottom water w i t h i n  30 mi les  o f  Nome, 

2) t o  determine the concentrat ions o f  metals up-current and down-current o f  

t h e  BIMA go ld  dredge w h i l e  t h e  dredge was operating, 3) t o  compare t h e  U.S. 

Environmental Pro tec t ion  Agency (EPA) t o t a l  recoverable d igest ion  technique 

f o r  the  analys is o f  metals i n  seawater w i t h  o ther  analyt ical -chemical  

methods, and 4) t o  determine the  concentrat ions o f  metals i n  sediment 

e l u t r i a t e s .  

I n  a re la ted  issue, few data were ava i lab le  on the  l e v e l s  o f  mercury and 

arsenic i n  Nome residents through 1988. To f i l l  t h i s  data need, samples o f  

h a i r  co l l ec ted  from Nome women o f  chi ld-bear ing age were analyzed t o  deter-  

mine t h e  concentrat ions o f  mercury and arsenic. 

(a) P a c i f i c  Northwest Laboratory i s  operated f o r  t h e  U.S. Department o f  
Energy by B a t t e l  l e  Memorial I n s t i t u t e  under Contract DE-AC06-76RLO 1830. 





FIELD SAMPLING 

WATER AND SEDIMENT 

Water samples were collected on June 19 and 20, 1989, and on 

September 6, 1989, from several regional stations and from near the BIMA gold 

dredge (Figure 1). The station locations are given in Table 1. In June, the 

Snake River, which flows through Nome, was sampled. The water samples were 
collected using "clean" techniques, which included using plastic hydroline, 

plastic-coated hydroweight, and acid-cleaned Tef lone-coated GO-FLO (General 

Oceanics , Miami, Florida) water-sampl ing bottles, and storing water samples 
in acid-cleaned Teflon bottles. All water samples were acidified in the 

field with hydrochloric acid to a pH of approximately 1.8. A few water 
samples were filtered in the field through an acid-cleaned 0.4-pm pore-size 

membrane f i 1 ter before being acidified. 

Sediment samples, of approximately the top 10 cm, were collected on two 

different occasions (see Figure 1 and Table 1 for locations). In October 
1988, the University of Alaska collected sediment samples at Stations 3 and 
10, using a HAPS corer. These two sediment samples were stored frozen until 
elutriate tests were conducted by PNL in the fall of 1989. On September 15, 
1989, Western Gold Exploration and Mining Company col 1 ected a surface- 
sediment sample using a Van Veen grab from a recently dredged area near the 

gold dredge. This sample was stored at 4OC for several weeks before the 

el utriate test was conducted. 

HAIR - 
The Norton Sound Health Corporation collected hair samples in September 

and October 1989 from 200 Nome women of child-bearing age. A bundle of 10 to 

20 strands of hair, approximately 6 to 18 in. long, were cut near the scalp 
and the total length of hair was cut into pieces as the hair was placed in a 
precleaned glass vial which was then sealed with a Teflon lid. 

Teflon is a registered trademark of E. I. Du Pont de Nemours, Wilmington, 
Del aware. 

3 



Norton Sound Lease Sale 

A Sediment and water samples 

Water samples 

FIGURE 1. Locations o f  Samples Col lected from the  Proposed Federal Lease Sale Area and from the  
State Lease Area ( A f t e r  MMS, 1988). Each o f  the  s t a t i o n  loca t ions  has a p r e f i x  MMS. 



TABLE 1. Location of Stations for Collection 
of Seawater or Sediment 

Station No. Date (s) Latitude (N) Lonqi tude (W) 

Seawater 

Dredge 6/19/89 Gold dredge site, coordinates 
6120189 not available for water samples. 
9/6/89 See Figure 1 for approximate 

locations. 

Dredge 

3 

10 

Sediments 





ANALYTICAL METHODS 

Ana ly t i ca l  methods were designed t o  be s u f f i c i e n t l y  sens i t i ve  t o  detect  

t h e  ambient concentrat ion o f  metals i n  seawater, sediments, and h a i r  samples. 

The methods used t o  preconcentrate o r  d igest  the  water and sediment samples 

would a l low q u a n t i f i c a t i o n  o f  both d issolved metals and metals sorbed o r  

bound t o  sediments and organic matter. 

SEAWATER 

Seawater samples were analyzed f o r  t o t a l  metals. Mercury was analyzed 

by co l  d-vapor atomic f 1 uorescence (CVAF) w i t h  a go1 d-amal gamation preconcen- 

t r a t i o n  step (Bloom and Crecel ius 1983). Arsenic was analyzed by hydr ide 

generat ion w i t h  a cryogenic preconcentrat ion step, s i m i l a r l y  t o  the  methods 

used by Andreae (1977). Cadmium, copper, lead, and n i c k e l  were analyzed 

using Zeeman (Perkin-Elmer, Norwal k, Connecticut) g raph i te  furnace AA (ZGFAA) 

a f t e r  preconcentrat ion w i t h  an organic complexer (Bloom and Crecel i us 1984) . 
Zinc was analyzed by d i r e c t - i n j e c t i o n  ZGFAA. The technique was not  sens i t i ve  

enough t o  detec t  Zn i n  some seawater samples. 

Several seawater samples were a1 so analyzed f o r  metal s a f t e r  d igest ion  

by the  EPA d iges t ion  technique f o r  t o t a l  recoverable metals (Method 3005, 

EPA 1986), designed f o r  s o l u b i l  i z i n g  metals i n  waste water. The d igest ion  

method involves adding ac id  and evaporat ing o f f  approximately 80% o f  the  

water, d i l u t i n g  the  d iges ta te  back t o  the  o r i g i n a l  volume, and analyzing t h e  

d iges ta te  by e i t h e r  flame, furnace, hydride, o r  CVAF. A disadvantage o f  

us ing t h i s  technique f o r  seawater i s  t h a t  t h e  d iges t ion  procedures present 

oppor tun i t i es  f o r  sample contamination from t h e  acid,  t h e  d i  1 u t i o n  water, and 

t h e  d iges t ion  vessel. 

SEDIMENT 

Sediment samples were analyzed fo r  t o t a l  metals by a combination o f  

energy-di spers i  ve x-ray f 1 uorescence (Nielson and Sanders 1983) f o r  As, C r ,  

Cu, N i ,  Pb, and Zn and by CVAF f o r  Cd and Hg, a f t e r  the  complete d i sso lu t i on  



o f  t h e  sediment by a  mix ture  of n i t r i c ,  pe rch lo r i c ,  and hyd ro - f l uo r i c  acids 

a t  e levated temperature and pressure (Fre i  tas  e t  a1 . 1989). 

H A I R  - 
H a i r  samples were analyzed f o r  Hg and As. Between 0.01 and 0.3 g  of 

h a i r  were c o l l e c t e d  i n  the  form o f  10 t o  20 f u l l  strands (6- t o  18-in. long) 

from each p a r t i c i p a n t  and placed i n  a  preweighed, numbered, 23-mL glass v i a l  

w i t h  a  Tef lon l i d .  A l l  v i a l s  and l i d s  had been b o i l e d  f o r  24 h  i n  concen- 

t r a t e d  n i t r i c  acid, and samplers wore gloves t o  avoid contaminat ing samples. 

To make i t  eas ie r  t o  p lace  samples i n  v i a l s ,  long h a i r  was snipped i n t o  shor t  

sect ions . 
Upon r e c e i p t  by PNL, a l l  v i a l s  were weighed and sample weights were 

recorded. The f i v e  heaviest  samples were s p l i t  i n t o  t h i r d s  t o  a l low f o r  

sample r e p e t i t i o n s  and a rch iv ing  o f  a  small subset o f  samples f o r  o ther  uses, 

such as i n t e r l a b o r a t o r y  c a l i b r a t i o n .  Three c e r t i f i e d  reference mater ia ls  

(dogf ish  l i v e r ,  dogf ish  muscle, and human h a i r  [NIES-11) were t rea ted  iden- 

t i c a l l y  t o  t h e  h a i r  samples. 

D iges t ion  of t he  samples was accomplished by r e f l u x i n g  samples w i t h  

5  mL concentrated n i t r i c  a c i d  a t  250°F f o r  6  h  w i t h  a  g lass marble on top  o f  

t h e  v i a l .  Samples were al lowed t o  cool and were then brought t o  a  volume o f  

22.77 mL w i t h  tap  water shown t o  be low i n  Hg. The samples were digested i n  

groups of 20 t o  30 over 2 weeks. 

For  t h e  ana lys is  o f  Hg, 100 pL o f  each sample was analyzed by CVAF using 

t h e  method o f  Bloom and Crece l ius  (1983). F ive  o f  t h e  sample d igestates were 

analyzed tw ice  t o  asce r ta in  inst rumental  p rec is ion .  F i ve  o f  t h e  samples were 

d iges ted tw ice  and t h e  r e s u l t s  o f  t he  analys is  o f  each d iges ta te  were com- 

pared t o  determine t h e  p r e c i s i o n  o f  the  e n t i r e  a n a l y t i c a l  procedure. The 

th ree  standard reference mate r ia l s  were analyzed exac t l y  as t h e  samples t o  

determine accuracy. Reagent blanks were analyzed f o r  each group o f  

d iges ta tes ,  and t h e  value found was subtracted from t h e  Hg value reported f o r  

each sample. The reagent b lank was remarkably consistent .  



Arsenic i n  the same h a i r  digestate was quant i f ied by ZGFAA using Pd as a 

matr ix  modif ier .  The detect ion l i m i t  varied over a range of about 0.1 t o  

1.0 pg/g dry weight of h a i r  because o f  the  differences i n  weight of samples 

digested. 





QUALITY CONTROL 

In order to provide documentation as to the quality of the chemical 

data, the following qua1 ity control samples were analyzed: (1) certified 

reference seawater, (2) certified reference hair, and (3) intercomparison 

samples with another 1 aboratory. 

SEAWATER 

Qua1 i ty control results for seawater (Table 2) include procedural blanks 
and our results for the analysis of reference coastal seawater (CASS-1) 

certified for six trace metals. Our results agree with the certified value, 

indicating that our results are accurate. Because no certified water sample 
for mercury in seawater is available, three water samples were sent to and 
analyzed by Dr. Gary Gill at the University of California at Santa Cruz. The 
results of this interlaboratory comparison (Table 3) showed excel lent agree- 

ment for Hg concentrations typical of coastal seawater. These results are 
convincing evidence that mercury concentrations in Norton Sound are similar 

to those found in other nonpol luted coastal areas. 

TABLE 2. Quality Control Data for Trace Metals 
in Seawater from Norton Sound 

Concentration, w/L 

Sample As Cd Cu Ni Pb Zn - - - Ho - 
Procedural Blank 1 1.19 1.12 < 1.11 < 1.8001 1.116 1.116 1.00 
Procedural Blank 2 1. 13 1.12 < 1.11 < 1.111 < 1.113 1.123 1.17 
Procedural Blank 3 1.16 1.12 < 1.11 < 1.8001 < 1.113 < 1.H3 1.88 

PNL R s u l t r  1.12 1. 131 1.28 - 1.271 1.233 1.931 
Cert i f  id Value 1.14 1.126 1.29 None 1.29% 1.251 1.988 
Cert i f  id Liwits 1 .  * 1.815 * 8.13 - i 8.031 i1.127 t 8.699 

- = Data not available. 



TABLE 3. Interlaboratory Comparison for Total Mercury in Seawater 
Collected from Norton Sound in June 1989 

Concmtrat ion, c ~ / L  

Station Sample - Dab - PK- 
Gary G i l l  - UCSt 

I I  l Dom-Current Mi d-depth b 19 1 . 1 2 4  1 . 1 3 7  
9 S- 1  I- 19 1 . 1 1 1  1 . M  
I1 S-3 6-21 # . a 1 7  1.1112 

HA I R - 
The hair standard NIES-1 is certified for Hg but not As. This standard 

was analyzed several times for Hg and a mean concentration of 4.22 pglg, 

compared with the certified value of 4.42 pglg, was determined. Two marine 

tissue standards also analyzed for Hg agreed well. The As concentration of 

the NIES-1 hair standard was below detection. 

Three of the five samples digested twice to ascertain reproducibility 

were sent to Dr. Stephen LaPierre at the Laboratoire de Sante Publique du 

Quebec for interlaboratory cal ibration of our Hg method. Dr. LaPierre 

analyzed our digestate by his method (modified Mago's) in addition to 

digesting dry samples by a strong-base/cysteine method. Agreement between 

Dr. Lapierre's results for his digestate and our digestate was within 17%. 

~ ~ r e e m e n t  between Dr. LaPierre1s analysis of our digestate and our analysis 

of our digestate was within 18%. 



RESULTS AND DISCUSSION 

METALS I N  SEAWATER 

Tables 4 and 5 present the concentrations of seven metals in surface (S) 
and bottom (8) water from six stations in Norton Sound for samples collected 

in June and September, respectively. At each station, two or three field- 

rep1 icate samples were taken. The concentrations of all seven metals are 
typical of nonpolluted coastal water whereas' the concentrations of Cu and Ni, 
which range from 0.67 to 1.6 pg/L and 0.65 to 2.5 pg/L, respectively, are 
sl ightly higher than expected. Usually, these concentrations are on the 

order of 0.5 pg/L. Copper and Pb concentrations are consistently higher in 
the bottom than in the surface water, but the other five metals do not show 

any trends. There do not appear to be any differences between stations. 

Tables 6 and 7 present concentrations of metals in water samples col- 
lected up-current and down-current of the BIMA. There is no indication of 
Hg contamination during dredging operations. The water-qua1 ity survey con- 
ducted by Western Gold Exploration and Mining Company during the summer of 

1989 supports this. The down-current bottom-water samples, which contain 
high suspended-sol ids concentrat ions, have signi f i'cantly elevated concen- 

trations of As, Cd, Cu, N i ,  Pb, and Zn. These high concentrations are to be 

expected, because the suspended solids in the acidified seawater samples 
contribute crustal metals, which are presumably not bioavailable when bound 

to the suspended solids (Campbell et al. 1988). When these samples were 
filtered in the field (0.4 pm) , the concentrations of dissolved metals were 
similar to those at the up-current station (Table 7). 

Concentrations of metals in Snake River water samples are similar to 

concentrations in Norton Sound seawater (Table 8). This indicates that the 
river does not have a significant influence on the concentration of metals in 

offshore water or in seawater at the gold-dredging site. 



TABLE 4. Concentrations of Trace Metals in Seawater Collected in June 1989 
from Regional Stations in Norton Sound near Nome, Alaska 

Concmtrat i on, H/L 

Stat  ion 

4 
4 

4 
4 

5 
5 
5 
5 

7 
7 
7 
7 

8 
8 

8 
8 

F'b - 

1.n 
1.13 
1.14 
1.15 

1.11 
1.14 
1.13 
1.14 

1.13 
1.12 
1.26 
1.21 

1.16 
1.16 
1.36 
1.39 



TABLE 5 , Concentrat ions of Trace Metals i n  Seawater Co l lec ted  on 
September 6, 1989, from Regional S ta t ions  i n  Norton Sound 
near Nome, Alaska 

Concentration, c ~ / L  

Stat ion 



Sta t ion  

TABLE 6. Concentrations o f  Trace Metals i n  Seawater Col lected i n  June 1989 Near 
the  BIMA Gold Dredge i n  Norton Sound, Alaska 

Concentrat ion, P ~ / L  

Sample 

2000 m Up-Current 

2000 m Up-Current 

2000 m Up-Current 

100 m Down-Current 

100 m Down-Current 
w 
QI 100 m Down-Current 

2000 m Up-Current 

2000 m Up-Current 

2000 m Up-Current 

100 m Down-Current 

100 m Down-Current 

100 m Down-Current 

Sur f  ace 

Mid 

Bottom 

Surface 

Mid 

Bottom 

Surface 

Mid 

Bottom 

Surf  ace 

Mid 

Bottom 

Date - 
6/19/89 

6/19/89 

61 19/89 

61 19/89 

6/19/89 

6/19/89 

6/21/89 

6/21/89 

6/21 189 

612 1 189 

612 1 189 

6/21/89 



TABLE 7. Concentrations of Trace Metals i n  Seawater Col lected on September 6, 1989, 
Near the BIMA Gold Dredge i n  Norton Sound, Alaska 

Concentration, pg/L 
- 

Stat ion Sample - As - Cd & Hg N i  - Pb - Zn 

F i  1 tered 

100 m Down-Current Surface 1.00 0.06 2.4 0.0008 2.3 0.03 1.1 

100 m Down-Current Mid 0.90 0.02 1.7 0.0009 4.6 0.06 0.69 

100 m Down-Current Bottom 0.78 0.03 0.50 0.0007 4.9 0.01 ~ 0 . 5 5  

2000 m Up-Current Bottom 0.93 0.06 1.1 0.0005 1.3 c0.01 cO.55 

Unf i 1 tered 

100 m Down-Current Surface 1.47 0.07 1.5 0.0009 2.3 0.18 1.5 

100 m Down-Current Mid 14.08 0.23 51 0.0030 66 13 2 9 

100 m Down-Current Bottom 23.18 0.11 51 0.0030 68 13 28 

2000 m Up-Current Surface 1.12 0.07 1.4 0.0002 2.4 0.07 ~ 0 . 5 5  

2000 m Up-Current Mid 1.17 0.06 1.4 0.0008 2.4 0.06 ~ 0 . 5 5  

2000 m Up-Current Bottom 1.30 0.07 1.5 0.0008 2.4 0.14 0.92 



TABLE 8. Concentrations of Trace Metals in the Snake River 
Water near Nome, Alaska, on June 20, 1989 

Concentration, pg/L 

Station L ! ! k - - -  As Cd N i Pb Z n 

1 3.70 0.02 1.0 0.004 1.5 0.36 3.42 

2 4.08 0.03 1.1 0.004 1.8 0.42 2.28 

TOTAL RECOVERABLE DIGESTION OF SEAWATER 

The EPA Method 3005 Total Recoverable Metals digestion procedure was 

applied to eight seawater samples, which were also analyzed by the chemical 

oceanographic methods previously described. Table 9 presents the results for 

total recoverable metals along with the approximate concentrations of metals 

in seawater samples from Stations 9 and 10 analyzed by chemical oceanographic 
methods. The data in Tables 4 and 6 include the individual results for these 

eight seawater samples analyzed by chemical oceanographic methods without the 

Method 3005 digestion. 

After the seawater was digested by Method 3005, the five metals Cd, Cur 

Ni, Pb, and Zn were analyzed by direct injection into the ZGFAA without a 
preconcentration step. Arsenic was analyzed by hydride generation with a 

preconcentration step, and Hg was analyzed by CVAF with a preconcentration 

step. The results for Cd, Cu, Ni, and Pb, shown in Table 9, are largely 

below detection, because of matrix interferences. Arsenic and Hg were 

detected in all eight samples. The As concentrations were similar to those 
in nondigested samples except for the 100-m down-current mid-sample, which 

contained approximately an order of magnitude higher concentration after 

digestion. Mercury concentrations were an order of magnitude higher after 

digestion, a result, we believe, of sample contamination during the digestion 

procedure, not of mercury release from particulate matter, since both our and 

Gary Gill's analyses for total mercury did not exceed 0.0037 pg/L. 



TABLE 9. Concentrations o f  Trace Metals by Total Recoverable Digestion, EPA Method 3005, 
i n  Seawater Collected i n  June 1989 Near the BIMA Gold Dredge i n  Norton Sound, 
Alaska, and Approximate Concentrations from Stations 9 and 10 from Chemical 
Oceanographic Methods 

Concentration, pglL 

Stat ion Sample Date As Cd C u Hg N i - 
2000 m Up-Current Mid 6/19/89 2.57 0.70 c 4.5 0.021 < 12 

100 m Down-Current Surface 6/19/89 3.45 < 0.68 c 4.5 0.019 < 12 

100 m Down-Current Mid 6/19/89 41.25 ~ 0 . 6 8  10.8 0.031 < 12 

9 S-1 6/19/89 1.11 < 0.68 c 4.5 0.020 12 
c1 
ro 9 0-1 6/19/89 1.95 < 0.68 < 4.5 0.037 < 1 2  

10 S-1  6/19/89 0.77 < 0.68 c 4.5 0.020 < 12 

Analysis by Chemical Oceanographic Methods (from Tables 4 and 6) 

Concentration, ~ g l L  
-- - - 

Station Sample Date As C d Cu N i P b Z n - - - Hg - 
9 and 10 5 Samples 6/19/89 0.7 0.056 1.20 0.0009 1.7 0.1 < 0.65 



The detection 1 imi ts for Cd, Cu, Ni , and Pb could be lowered at 1 east an 
order of magnitude if after the Method 3005 digestion the metals were precon- 

centrated with a complexing agent, as was done with the seawater samples that 

were not digested. However, the major disadvantage of the Method 3005 diges- 

tion was that significant contamination of the seawater occurred during the 

digestion even though care was taken to use clean Teflon digestion containers 

and high-purity acid, and even though the samples were protected from air- 

borne contamination. 

We do not be1 ieve that this comparison demonstrates that Method 3005 

released from seawater metals not detected by other methods that did not 

include a digestion step, with the exception of As in samples with high 

suspended solids. In an ongoing study, PNL is comparing several digestion 
methods for the analysis of metals in seawater. Results are expected to be 

avai lab1 e by the end of 1990. 

SEDIMENT ELUTRIATE TEST 

Three sediment samples were subjected to a sediment elutriate test to 

simulate the release of metals to seawater when sediments are suspended as 

the result of dredging. The elutriate test consisted of mixing 4 parts 

seawater with 1 part wet sediment (by volume) in a beaker for 30 minutes. 

After the mixture settled for an hour, the overlying water was filtered 

(0.4 q) and the concentrations of dissolved metal were determined. The 
concentrations of  AS'^,  AS+^ , Cu, Hg , Ni , and H+ (pH) were determi ned on 
three elutriates and on the receiving water used to conduct the elutriate 
test. The results in Table 10 show that the pH was reduced slightly and that 

some metals were released by some sediment samples while other metals were 

removed. Copper was removed from the seawater by a1 1 samples. Nickel was 

removed by two sediments and was released by the BIMA sample. Mercury 
increased slightly in a1 1 elutriates, and As increased with the majority 
being present as  AS+^, or the arsenite form. 



TABLE 10. Concentrations of Trace Metals i n  Norton Sound Sediment 
El u t r i  a tes  (Fi 1 tered) 

Concentration, pg/L 

Station As '3 Mi & A -  
Sta 3 7.6 4.1 1.2 0.34 0.00044 1.2 

Sta 10 7.6 3.4 1.2 0.48 0.00037 0.8 

BIMA S i t e  (9-15-89) 7.6 10.9 7.1 0.56 0.00026 18.8 
NortonSoundReceiv ingWater  7.8 0.1 0.6 1.17 0.00019 2.0 

The e l u t r i a t e  t e s t s  indicate t ha t  dredging a c t i v i t i e s  may re lease  As and 

N i  t o  seawater. Because the  sediment samples from Stations 3 and 10 were 
stored frozen f o r  a year,  these  t e s t s  may not be representative.  The sedi-  
ment sample from the  BIMA s i t e  was stored f o r  several weeks a t  4OC before 
the  t e s t  was conducted, which could a lso  influence the  resu l t s .  When future  
e l u t r i a t e  t e s t s  are  conducted, the  holding time should be minimized t o  reduce 
possible storage e f fec t s .  

Table 11 shows the  concentrations of metals in the  sediment samples used 
in  th-e e l u t r i a t e  t e s t s .  Except f o r  the  re la t ive ly  high concentration of As 
in  t he  BIMA sample, the  concentrations of other metals a r e  re la t ive ly  uniform 
within these sediment samples and a re  typical  of sandy o r  s i l t y  sediments i n  

Norton Sound (Bronson 1988). 

TABLE 11. Concentrations of Trace Metals in Norton Sound Sediments 

Concentration, pglq dry weight 

Sta t ion ~ ~ - - -  As Cd Cu Pb N i  Zn 
Sta 3 12 0.20 32 81 0.065 11 37 98 

Sta 10 13 0.16 23 74 0.033 12 28 80 
BIMA S i t e  (9-15-89) 67 0.18 20 73 0.016 11 35 80 



MERCURY AND ARSENIC I N  HAIR SAMPLES 

Concentrations o f  mercury and arsenic were determined i n  200 h a i r  sam- 

p les  c o l l e c t e d  dur ing  September and October 1989 from Nome women o f  c h i l d -  

bear ing age. The r e s u l t s  o f  these analyses are  presented i n  Table 12. 

Mercury concentrat ions range from 0.02 t o  8.0, w i t h  an approximate mean of 

1 ppm. Only 12 samples exceeded 3 ppm. Arsenic concentrat ions were usua l l y  

below t h e  l i m i t  o f  de tec t ion ,  which var ied  g r e a t l y  depending upon t h e  quant- 

i t y  o f  h a i r  digested. The concentrat ions o f  arsenic t h a t  were detected 

ranged from 0.03 t o  0.80 ppm, w i t h  a mean o f  0.26 ppm. Arsenic was detected 

i n  42 o f  t he  200 samples. There does n o t  appear t o  be a c o r r e l a t i o n  between 

Hg and As i n  ha i r .  

The r e s u l t s  from t h e  h a i r  analyses i n d i c a t e  t h a t  these women ingest  

r e l a t i v e l y  small amounts o f  Hg and As. Because t h e  t o t a l  length  o f  h a i r  

sampled (6 t o  18 in.) was analyzed, and because h a i r  samples represented 

approximately 1 t o  3 years o f  growth, t h e  r e s u l t s  i n d i c a t e  an average expo- 

sure from ingest ion  r a t h e r  than r e f l e c t i n g  seasonal extremes t h a t  may occur. 

The l e v e l  o f  concern f o r  Hg i n  h a i r  o f  pregnant women i s  10 pprn w i thout  a 

safety factor .  The r e l a t i v e l y  low Hg concentrat ions f o r  these women may be 

because t h e i r  d i e t  inc ludes few meals o f  f i s h  o r  marine mammals o r  i t  may 

r e f l e c t  t h a t  t h e  species t h a t  are ingested i n  Nome conta in  lower concentra- 

t i o n s  o f  Hg than species from o t h e r  A r c t i c  regions. The l i m i t e d  mercury data 

f o r  f i s h  and marine mammals caught near Nome i n d i c a t e  low mercury l e v e l s  i n  

these animals (Bronson 1988; ENSR 1990). 

The l e v e l  o f  concern f o r  arsenic i n  human h a i r  i s  about 1 ppm. Arsenic 

content  of human h a i r  has served as an i n d i c a t o r  i n  i nc iden ts  o f  suspected 

poisoning. Based on analyses o f  1,000 human h a i r  samples, t he  median concen- 

t r a t i o n s  f o r  females i s  0.37 pprn (Smith 1964). Values greater  than about 2 

t o  3 pprn i n d i c a t e  poss ib le  poisoning, a1 though h igher  concentrat ions have 

been recorded i n  occupational surveys (National Research Council 1977). 

Publ ished data f o r  a rsen ic  i n  h a i r  r e l a t e d  t o  consumption o f  marine organisms 

are n o t  r e a d i l y  ava i lab le .  The arsenic concentrat ions f o r  t he  Nome h a i r  

samples i n d i c a t e  no arsen ic  contaminat ion i n  the  food o r  water o f  these 

women. F ive  h a i r  samples contained undetectable As a t  de tec t i on  l i m i t s  i n  



the range of 1.02 to 1.18 ppm As. The detection limit exceeded 1 ppm because 
of the small sample size of hair. Presumably the As concentrations in these 

five hair samples are also below 1 ppm. 

The mercury data for the Nome hair samples are significantly lower than 

data reported by Galster (1976) for Hg in Alaskan Eskimo mothers and infants. 

Galster's results for hair of mothers in the Yukon-Kuskokwin Delta average 

4.3 ppm Hg. Analysis of the diet of women from the Delta indicated that most 
of their Hg intake was from seal oil and fish. 



TABLE 12. Hai r  Samples Collected a t  Nome f o r  the Norton Sound Project 

Concentration, 

Sample 
Sample W t ,  

g 



TABLE 12. (contd) 

Concentration, 

Sampl e 
Sample Wt, 

9 
Pem/(a) Color 



TABLE 12. (contd)' 

Sample 
Sample Wt, 

9 

Concentration, 
rcg/g 



Samp 1 e 
Sample Wt 

9 

TABLE 12. (contd) 

Concentration, 
~ 9 / 9  

134 
135 
136 
13 7 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
1 48 
149 
150 
151 
151 OUP 
152 
152 DUP 
153 
153 DUP 
154 
154 DUP 
155 
155 DUP 
156 
156 DUP 
157 
157 DUP 
158 
158 DUP 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 

Mean (b) 



TABLE 12. (contd) 

Sample Wt , 
9 

Concentration, 
PSIS 



TABLE 12. (contd) 

Concentration, 
ag/g 

Sample W t ,  
Sample 9 As H !I 

105.2 
105.2 DUP 
114.2 
114.2 DUP 
152.2 
152.2 DUP 
160.2 
160.2 DUP 
167.2 
167.2 DUP 

Concentration, l g / g  

Sample As 

DOLT-1 - 
C e r t i f i e d  - 
DORM- 1 - 
Cert  i f i ed - 

N I E S - I  < 0.15 
Cert i f i ed None 

Hg S t .  Dev. 

(a) Hai r had been permed (p) o r  colored (c) . 
(b) Same d igesta te  analyzed tw ice  f o r  Hg. 
(c) Same sample digested twice. 
- = Data not  ava i lab le .  

Hg 
Mean % Dev. Hg (c) 
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