
Analytical 
sequence 

No.

Sample
No.

Parameter
Alumi- 

num
Anti- 
mony

Arsenic Barium
Beryl- 
lium

Bismuth
Cad- 
mium

Calcium

Laboratory samples

9 LR-1 Analytical result 66,100 0.83 9.0 799 2.4 0.29 0.25 13,700
41 Analytical result 68,000 .91 9.1 809 2.4 .26 .24 14,300

42 Analytical result 63,500 .81 8.9 746 2.1 .27 .23 13,600

RPD (seq. 41 and 42) 6.8 11.6 2.2 8.1 13.3 3.8 4.3 5.0

RPD ( seq. 9 and avg) 
(seq. 41 and 42)

.5 3.6 4.1 2.8 6.9 9.3 6.5 1.8

SSE BCR-701 Analytical result 86,200 2.3 44 573 3.3 2.00 11.8 19,200

BCR-701D Analytical result 86,700 2.3 43 577 3.2 2.00 12.0 19,400

RPD .6 I 2.3 .7 3.1 I 1.7 1.0

4 MAG-1 Analytical result 85,100 .99 10 491 3.2 .35 .21 9,780

Assumed true value1 86,660 .96 9.2 479 3.2 .34 .20 9,790

Percent difference -1.8 3.1 8.7 2.5 I 2.9 5 -.1

6 NIST 2704 NIST 2704 analytical result 62,800 3.9 23 422 2.2 .62 3.6 26,200

 Assumed true value1 61,090 3.79 23.4 414 NC NC 3.45 26,000

Percent difference 2.8 2.9 -1.7 1.9 – – 4 .8

5 SCO-1 Analytical result 71,600 2.5 13 588 2.0 .37 .15 18,800

Assumed true value1 72,370 2.5 12.4 570 1.84 .37 .14 18,700

Percent difference -1.1 <0.4 4.8 3.2 8.7 I 7 .5

30 MAG-1 Analytical result 86,100 .99 9.8 495 3.1 .34 .22 9,930

 Assumed true value1 86,660 .96 9.2 479 3.20 .34 .20 9,790

Percent difference -.6 3 6.5 3.3 -3.1 I 8 1.4

RPD ( seq. 4 and 30) 1.9 I 2.0 1.2 5.1 3.3 1.2 1.3

      Average percent difference
   

-0.2 2.3 4.6 2.7 1.9 1.0 6.1 0.7

Blind standards submitted from the field

PACS-2   Analytical result 63,900 12.1 27 794 1.1 .32 2.1 19,700

   Analytical result 63,300 12.5 28 765 1.1 .32 2.2 19,800

   Certified value 66,200 11.3 26.2 NC 1.0 NC 2.11 19,600

   Percent difference -3.9 8.8 5.0 – 10.0 – 1.9 .8

   RPD .9 3.3 3.6 3.7 I I 4.7 .5

IAEA-405  Analytical result 86,400 1.4 25 387 3.8 1.21 .8 29,700

 Certified value 77,900 1.81 23.6 NC NC NC .73 NC

  Percent difference 10.9 -22.7 5.9 – – – 9.6 –

LR-7 RPD of field duplicates .9 6.5 6.5 1.4 11.8 47.1 15.4 .1

      Reporting limit 8 0.02 0.1 0.5 0.001 0.005 0.003 20

Table 3.  Quality-control data for analysis of sediments.

[All concentrations are in micrograms per gram. RPD, relative percent difference of replicate measurements equal to 100 × (difference of measurement 1 and 
measurement 2 divided by the average of measurement 1 and measurement 2. Abbreviations: I, reported values or replicate measurements are identical within 
significant figures of the reporting unit; NC, not certified; –, not applicable or available. Symbols: <, less than]
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16    Concentrations of Elements in Sediments from Lake Roosevelt, Washington, September 2004

Analyltical 
sequence 

No.

Sample
No.

Parameter Cerium Cesium
Chro- 
mium

Cobalt Copper Gallium Iron
Lantha- 

num

Laboratory samples

9 LR-1 Analytical result 82.0 4.7 45.8 6.8 12.1 16 28,000 46.3 
41 Analytical result 72.8 4.7 46.6 7.0 12.5 16 30,000 38.6 

42 Analytical result 75.8 4.3 44.7 6.7 11.9 15 28,000 42.8 

RPD (seq. 41 and 42) 4.0 8.9 4.2 4.4 4.9 6.5 6.9 10.3

RPD (seq. 9 and avg)  
(seq. 41 and 42)

10.3 4.5 .3 .7 .8 3.3 3.5 13.4

SSE BCR-701 Analytical result 88.7 5.8 393 17.1 271 18.5 40,100 43.7

BCR-701D Analytical result 88.7 5.8 391 17.3 272 18.8 41,100 43.4

RPD I I .5 1.2 .4 1.6 2.5 .7

4 MAG-1 Analytical result 87.9 8.2 109 22.2 30.2 22 49,000 43.3 

Assumed true value1 88.0 8.60 97 20.4 30.0 20.4 47,600 43.0 

Percent difference -.1 -4.7 12.4 8.8 .7 7.8 2.9 .7

6 NIST 2704 Analytical result 60.4 5.6 148 14.0 101 16 43,000 31.1 

 Assumed true value1 72.0 6.00 135 14.0 98.6 15.0 41,100 29.0 

Percent difference -16.1 -6.7 9.6 I 2.4 6.7 4.6 7.2

5 SCO-1 Analytical result 54.9 7.4 74.1 11.1 29.1 16 36,000 30.6 

Assumed true value1 62.0 7.80 68.0 10.5 28.7 15.0 35,900 29.5 

Percent difference -11.5 -5.1 9.0 5.7 1.4 6.7 0.3 3.7

30 MAG-1 Analytical result 82.0 8.2 109 22.1 29.6 22 49,000 43.4 

 Assumed true value1 88.0 8.6 97 20.4 30.0 20.4 47,600 43.0 

Percent difference -6.8 -4.7 12.4 8.3 -1.3 7.8 2.9 .9

RPD ( seq. 4 and 30) 11.6 I I .9 1.7 I I .4

      Average percent difference -8.6 -5.3 10.8 5.7 0.8 7.3 2.7 3.1

Blind standards submitted from the field

PACS-2   Analytical result 30.7 2.0 90.8 11.5 298 13 41,000 16.3
   Analytical result 32.1 2.0 93.4 11.7 309 13 42,000 16.7

   Certified value NC NC 90.7 11.5 310 NC 40,900 NC

   Percent difference – – 1.5 .9 -2.1 – 1.5 –

   RPD 4.5 I 2.8 1.7 3.6 I 2.4 2.4

IAEA-405  Analytical result 64.4 11.7 93.3 14.1 50.4 22 40,000 33.4

 Certified value NC 12.5 84 13.7 47.7 NC 37,400 40.4

  Percent difference – -6.4 11.1 2.9 5.7 – 7.0 -17.3

LR-7 RPD of field duplicates 5.2 I 4.1 .2 2.3 I I 5.1

      Reporting limit 0.5 0.003 0.2 0.1 0.5 0.006 50 0.3

Table 3.  Quality-control data for analysis of sediments.—Continued

[All concentrations are in micrograms per gram. RPD, relative percent difference of replicate measurements equal to 100 × (difference of measurement 1 and 
measurement 2 divided by the average of measurement 1 and measurement 2. Abbreviations: I, reported values or replicate measurements are identical within 
significant figures of the reporting unit; NC, not certified; –, not applicable or available. Symbols: <, less than]



 Analytical 
sequence 

No.

Sample
No.

Parameter Lead Lithium
Magne- 

sium
Man- 

ganese
Molyb- 
denum

Nickel
Phos- 

phorus
Potas- 
sium

Laboratory samples

9 LR-1 Analytical result 15.9 27.0 9,530 455 0.31 14.1 570 25,500
41 Analytical result 15.8 26.3 10,100 477 .42 15.0 560 27,600

42 Analytical result 15.0 24.8 9,260 448 .33 14.0 550 25,500

RPD (seq. 41 and 42) 5.2 5.9 8.7 6.3 24.0 6.9 1.8 7.9

RPD  (seq. 9 and avg)  
(seq. 41 and 42)

3.3 5.8 1.6 1.6 18.4 2.8 2.7 4.0

SSE BCR-701 Analytical result 152 42.9 16,200 774 3.1 113 3,210 23,700

BCR-701D Analytical result 153 42.3 16,100 790 3.4 114 3,260 24,500

RPD .7 1.4 .6 2.0 9.2 .9 1.6 3.3

4 MAG-1 Analytical result 25.0 75.1 18,600 751 1.0 50.5 740 30,400

Assumed true value1 24.0 79.0 18,090 760 1.60 53.0 711 29,500

Percent difference 4.2 -4.9 2.8 -1.2 -37.5 -4.7 4.1 3.1

6 NIST 2704 Analytical result 170 47.8 12,600 591 3.9 44.2 1,000 20,300

 Assumed true value1 161 47.5 12,000 555 NC 44.1 1,000 20,000

Percent difference 5.6 .6 5.0 6.5 – .2 I 1.5

5 SCO-1 Analytical result 29.0 43.7 16,800 384 1.1 25.7 950 22,300

Assumed true value1 31.0 45.0 16,400 410 1.37 27.0 899 23,000

Percent difference -6.5 -2.9 2.4 -6.3 -19.7 -4.8 5.7 -3.0

30 MAG-1 Analytical result 25.0 73.3 18,800 743 1.1 49.9 740 30,500

Assumed true value1 24.0 79.0 18,090 760 1.60 53.0 711 29,500

Percent difference 4.2 -7.2 3.9 -2.2 -31.3 -5.8 4.1 3.4

RPD ( seq. 4 and 30) I 4.4 1.8 1.9 8.4 2.0 I .6

      Average percent difference 1.9 -3.6 3.5 -.8 -29.5 -3.8 3.5 1.2

Blind standards submitted from the field

PACS-2   Analytical result 179 30.4 14,600 428 5.2 38.6 1,000 12,200
   Analytical result 176 30.6 14,600 439 5.2 39.6 1,000 12,700

   Certified value 183 32.2 14,700 440 5.43 39.5 960 12,400

   Percent difference -3.0 -5.3 -.7 -1.5 -4.2 -1.0 4.2 .4
   RPD 1.7 .7 I 2.5 I 2.6 I 4.0

IAEA-405  Analytical result 72.3 83.9 13,900 522 0.73 33 1200 26,200

 Certified value 74.8 72 12,300 495 NC 32.5 NC 24,900

  Percent difference -3.3 16.5 13.0 5.5 – 1.5 – 5.2

LR-7 RPD of field duplicates 5.0 1.6 1.7 1.6 .6 4.0 2.2 .7

      Reporting limit 0.2 0.2 0.3 0.2 0.1 1 8 0.6

Table 3.  Quality-control data for analysis of sediments.—Continued

[All concentrations are in micrograms per gram. RPD, relative percent difference of replicate measurements equal to 100 × (difference of measurement 1 and 
measurement 2 divided by the average of measurement 1 and measurement 2. Abbreviations: I, reported values or replicate measurements are identical within 
significant figures of the reporting unit; NC, not certified; –, not applicable or available. Symbols: <, less than]
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18    Concentrations of Elements in Sediments from Lake Roosevelt, Washington, September 2004

Analytical 
sequence 

No.

Sample 
No.

Parameter Rubidium
Scan- 
dium

Silver Sodium
Stron- 
tium

Laboratory samples

9 LR-1 Analytical result 115 9.6 <3 14,600 317 
41 Analytical result 119 10.3 <3 15,000 317 

42 Analytical result 110 9.3 <3 14,000 302 

RPD (seq. 41 and 42) 7.9 10.2 – 6.9 4.8

RPD ( seq. 9 and avg)
(seq. 41 and 42)

0.4 2.1 – .7 2.5

SSE BCR-701 Analytical result 114 13.8 8.7 15,100 180

BCR-701D Analytical result 113 13.9 8.8 14,900 181

RPD .9 .7 1.1 1.3 .6

4 MAG-1 Analytical result 146 18.6 <3 28,500 142 

Assumed true value1 149 17.2 0.08 28,400 146 

Percent difference -2.0 8.1 – .4 -2.7

6 NIST 2704 Analytical result 101 12.7 <3 5,690 136 

 Assumed true value1 100 12.0 NC 5,470 130 

Percent difference 1.0 5.8 – 4.0 4.6

5 SCO-1 Analytical result 109 12.3 <3 6,930 169 

Assumed true value1 112 10.8 .134 6,670 174 

Percent difference -2.7 13.9 – 3.9 -2.9

30 MAG-1 Analytical result 145 18.6 < 3 28,400 142 

 Assumed true value1 149 17.2 .08 28,400 146 

Percent difference -2.7 8.1 – I -2.7

RPD ( seq. 4 and 30) 1.2 I – .9 I

      Average percent difference -1.6 9.0 – 2.1 -0.9

Blind standards submitted from the field

PACS-2   Analytical result 39.9 14.4 <3 33,200 273
   Analytical result 40.5 14.8 <3 33,400 272

   Certified value NC NC 1.22 NC 276

   Percent difference – – – – -1.3

   RPD 1.5 2.7 – .6 .4

IAEA-405  Analytical result 156 15.1 <3 16,600 146

 Certified value NC NC – NC 118

  Percent difference – – – – 23.7

LR-7 RPD of field duplicates .7 I 5.1 3.9 .6

     Reporting limit 0.01 0.3 3 6 0.05

Table 3.  Quality-control data for analysis of sediments.—Continued

[All concentrations are in micrograms per gram. RPD, relative percent difference of replicate measurements equal to 100 × (difference of measurement 1 and 
measurement 2 divided by the average of measurement 1 and measurement 2. Abbreviations: I, reported values or replicate measurements are identical within 
significant figures of the reporting unit; NC, not certified; –, not applicable or available. Symbols: <, less than]



 Analytical 
sequence 

No.

Sample 
No.

Parameter Thallium Thorium
Tita- 
nium

Uranium
Vana- 
dium

Yttrium Zinc

Laboratory samples

9 LR-1 Analytical result 0.72 14.7 2,500 3.8 70.4 18.7 75.2 
41 Analytical result .74 11.0 2,800 2.3 74.0 18.6 77.2 

42 Analytical result .69 14.0 2,500 3.5 70.3 17.5 74.0 

RPD (seq. 41 and 42) 7.0 24.0 11.3 41.4 5.1 6.1 4.2

RPD (seq. 9 and avg)
(seq. 41 and 42)

.7 16.6 5.8 28.1 2.5 3.7 .5

SSE BCR-701 Analytical result .82 14.6 4,380 5.51 93 26.1 466

BCR-701D Analytical result .84 14.6 4,430 5.46 95 26.2 481

RPD 2.4 .7 1.1 .9 -2.0 .4 -3.2 

4 MAG-1 Analytical result .76 12.6 4,300 2.8 146 24.4 135 

Assumed true value1 .59 11.9 4,500 2.70 140 28.0 130 

Percent difference 28.8 5.9 -4.4 3.7 4.3 -12.9 3.8

6 NIST 2704 Analytical result 1.2 9.4 3,100 3.2 97.8 25.2 445 

 Assumed true value1 1.06 9.2 4,580 3.13 95.0 NC 438 

Percent difference 13.2 2.2 -32.3 2.2 2.9 – 1.6

5 SCO-1 Analytical result .70 9.7 3,200 3.0 134 21.8 104 

Assumed true value1 .72 9.7 3,760 3.00 131 26.0 103 

Percent difference -2.8 I -14.9 I 2.3 -16.2 1.0

30 MAG-1 Analytical result .77 12.2 4,300 2.8 147 24.7 134 

Assumed true value1 .59 11.9 4,500 2.70 140 28.0 130 

Percent difference 30.5 2.5 -4.4 3.7 5.0 -11.8 3.1

RPD (seq. 4 and 30) 1.6 5.3 I I 1.1 1.6 .7

      Average percent difference 17.4 2.6 -14.0 2.4 3.6 -13.6 2.4

Blind standards submitted from the field

PACS-2   Analytical result 0.60 3.9 4,700 2.3 136 17 371
   Analytical result .61 4 4,800 2.3 139 17.3 373

   Certified value .60 NC 4,430 3 133 NC 364

   Percent difference .83 – 7.2 -23.3 3.4 – 2.2

   RPD 1.7 2.5 2.1 I 2.2 1.7 .5

IAEA-405  Analytical result 1 13.5 3,700 3.2 102 21.1 287

 Certified value NC 14.3 NC 3.01 95 NC 279

  Percent difference – -5.6 – 6.3 7.4 – 2.9

LR-7 RPD of field duplicates I 17.7 I 2.1 .4 1.4 1.1

     Reporting limit 0.003 0.03 40 0.02 0.4 0.3 5

1Potts and others, 1992.

Table 3.  Quality-control data for analysis of sediments.—Continued

[All concentrations are in micrograms per gram. RPD, relative percent difference of replicate measurements equal to 100 × (difference of measurement 1 and 
measurement 2 divided by the average of measurement 1 and measurement 2. Abbreviations: I, reported values or replicate measurements are identical within 
significant figures of the reporting unit; NC, not certified; –, not applicable or available. Symbols: <, less than]
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Table 4.  Interlaboratory comparison for analysis of arsenic, 
cadmium, copper, lead, and zinc in the composite samples.

[Used average of duplicate four-acid digestion results. Abbreviations: RPD, 
relative percent difference; –, negative indicates result from U.S. Geological 
Survey Columbia Environmental Research Center laboratory is lower than 
result from U.S. Geological Survey Mineral Laboratory]

Site 
identifier

Composite samples (in RPD)

Arsenic Cadmium Copper Lead Zinc

LR-1 -4.7 30.5 -18.0 -50.3 7.4
LR-2 -1.4 12.5 -.1 10.0 18.7
LR-3 2.3 5.9 -.9 -4.5 13.4
LR-4 -11.9 -13.3 -6.7 -67.5 -5.7
LR-5 7.2 17.5 13.2 2.3 21.0
LR-6 -19.7 3.0 4.2 -.5 11.3
LR-7 4.1 107.5 5.9 28.0 34.6
SA-8 -12.1 23.3 -9.4 -29.3 3.4

Mean -4.5 23.4 -1.5 -14.0 13.0



Alumi- 
num

Anti- 
mony

Arsenic Barium
Beryl- 
lium

Bismuth
Cad- 
mium

Calcium

Concentrations of process and wash blanks BCR-701

Average concentrations in wash blanks
  Fraction 1 <0.4 0.10 <0.2 <0.04 <0.01 <0.04 <0.004 <40

  Fraction 2 <.4 <.06 <.2 <.04 <.01 <.04 <.004 <40

  Fraction 3 <.4 <.06 <.2 <.04 <.01 <.04 <.004 <40

Concentration in process blanks

  Fraction 1 <.4 <.06 <.2 <.04 <.01 <.04 <.004 <40

  Fraction 2 <.4 <.06 <.2 <.04 <.01 <.04 <.004 <40

  Fraction 3 <.4 <.06 <.2 <.04 <.01 <.04 <.004 <40

  Fraction 4 24.3 <.06 <.2 .97 <.01 <.04 <.004 <40

Laboratory replication and recovery of standard reference material BCR-701

BCR-701 Fraction 1
Analytical result 176 0.10 2.0 18.4 0.09 <0.04 6.93 7,040

Analytical result 182 .10 2.0 18.6 .10 <.04 7.14 7,160
Average concentration 179 .10 2.0 18.5 .10 <.04 7.04 7,100

RPD 3.4 I I 1.1 10.5 – 3.0 1.1

Certified value NC NC NC NC NC NC 7.34 NC

Average percentage difference from certified value – – – – – – -4.2 –

BCR-701 Fraction 2
Analytical result 3,110 .26 17.2 90.1 .50 .58 3.40 1,700

Analytical result 3,140 .24 17.6 91.3 .40 .61 3.48 1,730
Average concentration 3,125 .25 17.4 90.7 .45 .60 3.44 1,715

RPD 1.0 8.0 2.3 1.3 22.2 5.0 2.3 1.8

Certified value NC NC NC NC NC NC 3.77 NC

Average percentage difference from certified value – – – – – – -8.8 –

BCR-701 Fraction 3
Analytical result 779 .06 1.0 17.5 .08 .18 .24 168

Analytical result 739 .06 1.0 17.2 .09 .18 .23 155

Average concentration 759 .06 1.0 17.4 .09 .18 .24 162

  RPD 5.3 I I 1.7 11.8 I 4.3 8.0

Certified value NC NC NC NC NC NC .27 NC

Average percentage difference from certified value – – – – – – -11.9 –

Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]
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Parameter
Alumi- 

num
Anti- 
mony

Arsenic Barium
Beryl- 
lium

Bismuth
Cad- 
mium

Calcium

Laboratory replicates of sample LR-5  (Composite)

Fraction 1
LR-5 58 0.21 0.5 48.4 0.07 <0.04 1.89 13,100

LR-5R 57 .20 .5 47.7 .08 <.04 1.75 12,900

RPD 1.7 4.9 I 1.5 13.3 25 7.7 1.5

Fraction 2
LR-5 1,300 .25 2.0 60.4 .20 .16 .73 5,770

LR-5R 1,260 .21 2.0 58.5 .10 .18 .67 5,630

RPD 3.1 17.4 I 3.2 66.7 11.8 8.6 2.5

Fraction 3

LR-5 568 .06 <.2 27.8 .05 <.04 .64 272

LR-5R 595 <.06 <.2 26.7 .03 <.04 .52 267

RPD 4.6 – – 4.0 50.0 25 20.7 1.9

Residual fraction

LR-5 23,900 2.26 3.2 816 1.2 .16 .25 6,690

LR-5R 17,900 1.95 2.0 951 1.1 .43 .34 9,640

RPD 28.9 14.7 46.2 15.3 8.7 91.5 30.5 36.1

   Reporting limit 0.4 0.06 0.2 0.04 0.01 0.04 0.004 40

Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]



Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]

Parameter Cesium Chromium Cobalt Copper Gallium
Germa- 

nium
Iron Lead

Concentrations of process and wash blanks BCR-701

Average concentrations in wash blanks
  Fraction 1 <0.004 0.2 <0.004 <0.1 <0.01 <0.01 <10 <0.01

  Fraction 2 <.004 1.3 <.004 <.1 <.01 <.01 <10 <.01

  Fraction 3 <.004 <.2 <.004 <.1 <.01 <.01 <10 <.01

Concentration in process blanks
  Fraction 1 <.004 .3 <.004 <.01 <.01 <.01 <10 .01

  Fraction 2 <.004 <.2 <.004 <.01 <.01 <.01 <10 .04

  Fraction 3 <.004 2.3 <.004 <.01 <.01 <.01 <10 <.01

  Fraction 4 <.004 <.2 <.004 .02 .02 <.01 <10 .06

Laboratory replication and recovery of standard reference material BCR-701

BCR-701 Fraction 1
Analytical result 0.01 2.3 1.93 46.0 0.01 0.01 72 2.8

Analytical result .01 2.4 1.98 47.1 .01 <.01 74 2.8

Average concentration .01 2.4 1.96 46.6 .01 <.01 73 2.8

RPD I 4.3 2.6 2.4 I – 2.7 I

Certified value NC 2.3 NC 49.3 NC NC NC 3.2

Average percentage difference from certified value – 4.0 – -5.6 – – – -11.9

BCR-701 Fraction 2
Analytical result .19 41.7 2.99 113.0 .64 .03 7,020 113.0

Analytical result .19 42.7 3.04 114.0 .66 .03 7,230 117.0

Average concentration .19 42.2 3.02 113.5 .65 .03 7,125 115.0

RPD I 2.4 1.7 0.9 3.1 I 2.9 3.5

Certified value NC 45.7 NC 124.0 NC NC NC 126.0

Average percentage difference from certified value – -7.7 – -8.5 – – – -8.7

BCR-701 Fraction 3
Analytical result .12 135.0 1.36 53.3 .10 .02 656 4.7

Analytical result .10 136.0 1.34 51.3 .10 <.01 621 4.6

Average concentration .11 135.5 1.35 52.3 .10 <.02 639 4.7

  RPD 18.2 .7 1.5 3.8 I – 5.5 2.2

Certified value NC 143.0 NC 55.2 NC NC NC 9.3

Average percentage difference from certified value – -5.2 – -5.3 – – – -49.5
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Parameter Cesium Chromium Cobalt Copper Gallium
Germa- 

nium
Iron Lead

Laboratory replicates of sample LR-5  (Composite)

Fraction 1
LR-5 <0.004 0.6 0.80 15.2 <0.01 0.06 910 30.4

LR-5R <.004 .6 .81 15.1 <.01 .05 904 29.4

RPD – 17 1.2 .7 – 18.2 .7 3.3

Fraction 2
LR-5 .10 2.9 1.98 23.0 .40 .05 5,960 145.0

LR-5R .10 2.9 1.95 22.8 .39 .04 5,900 141.0

RPD I I 1.5 .9 2.5 22.2 1.0 2.8

Fraction 3

LR-5 .09 4.5 .64 15.3 .03 <.01 893 11.2

LR-5R .09 5.2 .66 14.7 .03 <.01 925 12.2

RPD I 14.4 3.1 4.0 I – 3.5 8.5

Residual fraction

LR-5 1.91 22.7 3.42 11.0 10.9 1.80 15,700 15.5

LR-5R 1.90 50.8 4.29 10.8 12.4 1.40 17,700 15.0

RPD .5 76.5 22.6 1.8 12.9 25.0 12.0 3.3

   Reporting limit 0.004 0.2 0.004 0.1 0.01 0.01 10 0.01

Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]

24    Concentrations of Elements in Sediments from Lake Roosevelt, Washington, September 2004



Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]

Parameter Lithium
Magne- 

sium
Manga- 

nese
Molyb- 
denum

Nickel
Potas- 
sium

Rubidium

Concentrations of process and wash blanks BCR-701

Average concentrations in wash blanks
  Fraction 1 <0.2 <2 <0.04 <0.4 <0.08 <6 <0.002

  Fraction 2 <.2 <2 <.04 <.4 <.08 <6 <.002

  Fraction 3 <.2 <2 <.04 <.4 <.08 <6 <.002

Concentration in process blanks
  Fraction 1 <.2 2.4 <.04 <.4 <.08 <6 <.002

  Fraction 2 <.2 <2 <.04 <.4 <.08 <6 <.002

  Fraction 3 .2 <2 <.04 <.4 <.08 <6 <.002

  Fraction 4 <.2 5.5 <.04 <.4 <.08 9.4 <.002

Laboratory replication and recovery of standard reference material BCR-701

BCR-701 Fraction 1
Analytical result 0.2 743 177 <0.4 14.0 99 0.28

Analytical result .3 763 186 <.4 14.4 102 .29

Average concentration .3 753 182 – 14.2 101 .29

RPD 40.0 2.7 5.0 – 2.8 3.0 3.5

Certified value NC NC NC NC 15.4 NC NC

Average percentage difference from certified value – – – – -7.8 – –

BCR-701 Fraction 2
Analytical result .8 513 132 <.4 24.8 85 .86

Analytical result .9 518 136 <.4 25.2 85 .88

Average concentration .9 516 134 – 25.0 85 .87

RPD 11.8 1.0 3.0 – 1.6 0.9 2.3

Certified value NC NC NC NC 26.6 NC NC

Average percentage difference from certified value – – – – -6.0 – –

BCR-701 Fraction 3
Analytical result 2.1 486 22.3 .88 13.8 104 1.30

Analytical result 1.8 468 21.3 .81 13.6 100 1.27

Average concentration 2.0 477 21.8 .85 13.7 102 1.29

RPD 15.4 3.8 4.6 8.3 1.5 3.9 2.3

Certified value NC NC NC NC 15.3 NC NC

Average percentage difference from certified value – – – – -10.5 – –
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Parameter Lithium
Magne- 

sium
Man-

ganese
Molyb-
denum

Nickel
Potas- 
sium

Rubi- 
dium

Laboratory replicates of sample LR-5  (Composite)

Fraction 1
LR-5 0.2 6,850 104 <0.4 1.2 36 0.17

LR-5R <.2 6,710 104 <.4 1.1 33 .16

RPD – 2.1 I – 8.7 8.8 6.1

Fraction 2
LR-5 1.0 2,470 63 <.4 3.1 24 .44

LR-5R .9 2,390 62 <.4 3.0 22 .44

RPD 10.5 3.3 2.4 – 3.3 7.4 I

Fraction 3

LR-5 2.0 328 16.1 <.4 2.3 51 .53

LR-5R 1.8 331 16.2 <.4 2.2 47 .51

RPD 10.5 0.9 .6 – 4.4 7.6 3.8

Residual fraction

LR-5 13.1 4,810 182 .83 NR 16,500 54.7

LR-5R 11.9 4,460 201 .77 14.5 NR 45.5

RPD 9.6 7.6 9.9 7.5 – – 18.4

   Reporting limit 0.2 2 0.04 0.4 0.08 6 0.002

Table 5.  Quality-control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]
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Table 5.  Quality control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]

Parameter Selenium Silver Sodium Strontium Thallium Uranium
Vana- 
dium

Zinc

Concentrations of process and wash blanks BCR-701

Average concentrations in wash blanks
  Fraction 1 <0.2 <0.6 <20 <0.1 <0.02 <0.02 <0.1 <0.1

  Fraction 2 <.2 <.6 <20 <.1 <.02 <.02 <.1 <.1

  Fraction 3 <.2 <.6 <20 <.1 <.02 <.02 <.1 <.1

Concentration in process blanks
  Fraction 1 <.2 <.6 <20 <.1 <.02 <.02 <.1 <.1

  Fraction 2 <.2 <.6 <20 <.1 <.02 <.02 <.1 <.1

  Fraction 3 <.2 <.6 <20 <.1 <.02 <.02 .6 <.1

  Fraction 4 <.2 <.6 <20 .31 <.02 <.02 <.1 0.2

Laboratory replication and recovery of standard reference material BCR-701

BCR-701 Fraction 1
Analytical result <0.2 <0.6 47.5 44.5 <0.02 0.06 0.5 188.0

Analytical result <.2 <.6 48.7 45.2 <.02 .06 .5 195.0

Average concentration – – 48.1 44.9 – .06 .5 191.5

RPD – – 2.5 1.6 – I I 3.7

Certified value NC NC NC NC NC NC NC 205.0

Average percentage difference from certified value – – – – – – – -6.6

BCR-701 Fraction 2
Analytical result <.2 3.72 < 20 12.2 .07 .65 10.6 104.0

Analytical result <.2 3.81 < 20 12.4 .07 .67 11.1 104.0

Average concentration – 3.77 – 12.3 .07 .66 10.9 104.0

RPD – 2.4 – 1.6 I 3.0 4.6 I

Certified value NC NC NC NC NC NC NC 114.0

Average percentage difference from certified value – – – – – – – -8.8

BCR-701 Fraction 3
Analytical result 1 1.03 31.1 1.8 .02 1.54 2.0 43.3

Analytical result 1 0.99 26.4 1.7 .02 1.56 2.3 40.0

Average concentration 1 1.01 28.8 1.7 .02 1.55 2.2 41.7

  RPD I 4.0 16.3 5.7 I 1.3 14.0 7.9

Certified value NC NC NC NC NC NC NC 45.7

Average percentage difference from certified value – – – – – – – -8.8
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Table 5.  Quality control data for analysis of sequential selective extraction of sediments.—Continued

[All concentrations are in micrograms per gram RPD, relative percent difference. Abbreviations: I, reported values or replicate measurements are identical 
within significant figures of the reporting unit; NC, not certified; NR, not reported. Symbols: –, not applicable or available; <, less than]

Selenium Silver Sodium Strontium Thallium Uranium
Vana- 
dium

Zinc

Laboratory replicates of sample LR-5  (Composite)

Fraction 1
LR-5 <0.2 <0.6 <20 12.1 0.02 0.20 0.3 187.0

LR-5R <.2 <.6 <20 11.9 <.02 .18 .3 183.0

RPD – – – 1.7 – 10.5 33 2.2

Fraction 2
LR-5 <.2 <.6 <20 9.9 .10 .49 7.0 331.0

LR-5R <.2 <.6 <20 9.7 .09 .47 6.8 323.0

RPD – – – 1.8 10.5 4.2 2.9 2.4

Fraction 3

LR-5 <.2 <.6 26.8 1.7 .04 .77 .9 118.0

LR-5R <.2 <.6 28.5 1.8 .04 .74 1.1 97.2

RPD – – 6.1 2.3 I 4.0 20.0 19.3

Residual fraction

LR-5 <.2 <.6 12,900 289 .40 1.03 45.5 102.0

LR-5R <.2 <.6 15,600 323 .40 1.13 43.9 116

RPD – – 18.9 11.1 I 9.3 3.6 12.8

   Reporting limit 0.2 0.6 20 0.1 0.02 0.02 0.1 0.1
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Table 6.  Analyses of field filtering blanks and results from submission of blind water reference standards.

[Concentrations in micrograms per liter unless otherwise indicated. Abbreviations: I, reported values or replicate measurements are identical within significant 
figures of the reporting unit; ILOD, instrumental limit of detection; NC, not certified; USGS, U.S. Geological Survey; NRCC, National Reserch Center of 
Canada; NIST, National Institute of Science and Technology; RPD, relative percent difference; 3*Stdev., 3 times standard deviation; n, number of samples. 
Symbols: –, not applicable or available; <, less than]

Alumi- 
num

Anti- 
mony Arsenic Barium Beryl- 

lium Bismuth Cad- 
mium

Calcium 
(mg/L) Cerium Cesium Chro- 

mium Cobalt

Filtering blanks (n = 3)

Average 10.0 <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD
3* Stdev. 4.3 – – – – – – – – – – –

NRCC - SLRS-3 (n =2)

Analytical result 43.3 <0.3 1 12.8 <0.05 <0.2 <0.1 5.84 0.26 <0.02 <5 <0.01
Analytical result 38.3 <.3 1 12.1 <.05 <.2 <.1 5.22 .27 <.02 <5 <.01

Certified value 31 .12 .72 13.4 .005 NC .013 6.0 NC NC .3 .027

Recovery 
(percent)

131 – 140 92.9 – – – 92 – – – –

RPD (percent) 12.3 – I 5.6 – – – 11.2 3.8 – – –

USGS SRS T-171 (n = 1)

Analytical result 28.4 2.6 3.4 13.4 0.8 <0.2 5.04 6.68 0.11 0.02 <5 4.73
Certified value 19.4 2.73 3.5 13.6 1.18 NC 4.92 6.75 NC NC 3.1 4.71

Recovery 
(percent)

146 95 97 99 70 – 102 99.0 – – – 100

USGS SRS T-179 (n = 2)

Analytical result 68.4 3.42 2 35.1 3.3 <0.2 4.34 18.5 0.48 <0.02 <5 1.07
Analytical result 62.8 3.40 2 33.9 3.3 <.2 4.38 18.1 .44 <.02 <5 1.11

Certified value 51.7 3.66 1.9 36.0 3.74 NC 4.42 18.9 NC NC NC 1.10
Recovery 

(percent)
127 93.2 105 95.8 88 – 98.6 96.8 – – – 99.1

RPD (percent) 8.5 .6 I 3.5 I – .9 2.2 8.7 – – 3.7

NIST 1640 (n = 1)

Analytical result 60.4 13.2 25.5 136 34.2 <0.2 22.3 7.14 0.36 0.12 36.0 20.8
Certified value 52.0 13.8 26.7 148 34.9 NC 22.8 7.05 NC NC 38.6 20.3

Recovery 
(percent)

116 95.7 95.6 91.9 97.9 – 97.8 101 – – 93 103

NIST 1643e (n = 2)

Analytical result 176 59.3 58.3 538 13.7 14.4 6.87 33.8 <0.05 <0.02 21.9 28.6

Analytical result 199 57.1 56.4 527 13.2 14.1 6.68 33.6 .05 <.02 21.5 27.7

Certified value 142 58.3 60.5 544 14.0 14.1 6.57 32.3 NC NC 20.4 27.1

Recovery 
(percent)

132 99.8 94.9 97.9 96.2 101 103 104 – – 106 104

RPD (percent) 12.3 3.8 3.3 2.1 3.7 3.7 3.7 .6 – – 1.8 3.2

   Reporting limit 10 0.3 1 1 0.05 0.2 0.1 1 0.05 0.02 5 0.1
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Table 6.  Analyses of field filtering blanks and results from submission of blind water reference standards.—Continued

[Concentrations in micrograms per liter unless otherwise indicated. Abbreviations: I, reported values or replicate measurements are identical within significant 
figures of the reporting unit; ILOD, instrumental limit of detection; NC, not certified; USGS, U.S. Geological Survey; NRCC, National Reserch Center of 
Canada; NIST, National Institute of Science and Technology; RPD, relative percent difference; 3*Stdev., 3 times standard deviation; n, number of samples. 
Symbols: –, not applicable or available; <, less than]

Copper Dyspro- 
sium Erbium Euro- 

pium Gallium Gado- 
linium

Germa- 
nium Holmium Iron Lantha- 

num Lead

Filtering blanks (n = 3)

Average <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD
3* Stdev. – – – – – – – – – – –

NRCC - SLRS-3 (n =2)

Analytical result 0.97 <0.04 <0.025 <0.025 <0.05 <0.025 <0.25 <0.025 <250 0.24 <0.25
Analytical result .56 .05 <.025 <.025 <.05 .03 <.25 <.025 <250 .23 <.25

Certified value 1.35 NC NC NC NC NC NC NC 100 NC .086

Recovery 
(percent)

57 – – – – – – – – – –

RPD (percent) 54 – – – – – – – – 4.3 –

USGS SRS T-171 (n = 1)

Analytical result <0.5 <0.04 <0.025 <0.025 <0.05 <0.025 <0.25 <0.025 <250 <0.1 1.1
Certified value 1.0 NC NC NC NC NC NC NC 53.4 NC 1.09

Recovery 
(percent)

– – – – – – – – – – 101

USGS SRS T-179 (n = 2)

Analytical result 3.0 0.04 0.04 <0.025 <0.05 0.064 <0.25 <0.025 <250 0.38 2.0
Analytical result 3.6 <.04 .05 <.025 <.05 .086 <.25 <.025 <250 .37 1.9

Certified value 3.86 NC NC NC NC NC NC NC 125 NC 1.86
Recovery 

(percent)
86 – – – – – – – – – 105

RPD (percent) 18 – – – – 25.2 – – – 2.7 5.1

NIST 1640 (n = 1)

Analytical result 88.7 <0.04 <0.025 <0.025 <0.05 0.03 <0.25 <0.04 <250 0.3 27.7
Certified value 85.2 NC NC NC NC NC NC NC 34.3 NC 27.9

Recovery 
(percent)

104 – – – – – – – – – 99.3

NIST 1643e (n = 2)

Analytical result 22.8 <0.04 <0.025 0.075 <0.05 <0.005 <0.25 <0.025 <250 0.02 20.0
Analytical result 23.2 <.04 <.025 .11 <.05 <.025 <.25 <.025 <250 .04 20.1

Certified value 22.8 NC NC NC NC NC NC NC 98 NC 19.6

Recovery 
(percent)

101 – – – – – – – – – 102

RPD (percent) 1.7 – – 37.8 – – – – – 66.7 .5

   Reporting limit 0.5 0.04 0.025 0.025 0.05 0.025 0.25 .025 250 0.1 0.25
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Table 6.  Analyses of field filtering blanks and results from submission of blind water reference standards.—Continued

[Concentrations in micrograms per liter unless otherwise indicated. Abbreviations: I, reported values or replicate measurements are identical within significant 
figures of the reporting unit; ILOD, instrumental limit of detection; NC, not certified; USGS, U.S. Geological Survey; NRCC, National Reserch Center of 
Canada; NIST, National Institute of Science and Technology; RPD, relative percent difference; 3*Stdev., 3 times standard deviation; n, number of samples. 
Symbols: –, not applicable or available; <, less than]

Lithium Lutetium
Magne- 

sium 
(mg/L)

Man- 
ganese

Molyb- 
denum

Neody- 
mium Nickel Nio- 

bium

Phos-
phorus 
(mg/L)

Potas- 
sium 

(mg/L)

Praseody- 
mium

Filtering blanks (n = 3)

Average <ILOD <ILOD <ILOD 1.5 <ILOD <ILOD <ILOD <ILOD <ILOD 0.13 <ILOD
3* Stdev. – – – 5.1 – – – – – .17 –

NRCC - SLRS-3 (n =2)

Analytical result <4.5 <0.5 1.75 8.0 <2 0.25 1.0 <1 <0.05 0.92 0.06
Analytical result <4.5 <.5 1.55 12.1 <2 .20 .6 <1 <.05 .69 .06

Certified value NC NC 1.6 3.9 .19 NC .83 NC .7 .7 NC

Recovery 
(percent)

– – 42.3 260 – – 96 – – 120 –

RPD (percent) – – 12.1 41 – 22 50 – – 29 I

USGS SRS T-171 (n = 1)

Analytical result 5.2 <0.5 2.94 29.7 <2 0.08 5.5 <1 0.2 3.12 <0.05
Certified value 6.3 NC 2.78 12.4 1.97 NC 5.67 NC NC 2.80 NC

Recovery 
(percent)

83 – 106 240 – – 97 – – 111 –

USGS SRS T-179 (n = 2)

Analytical result 9.1 <0.5 4.89 44.6 2 0.43 0.9 <1 <0.05 1.69 0.09
Analytical result 7.7 <.5 4.77 45.4 2 .43 3.0 <1 <.05 1.61 .11

Certified value 6.50 NC 4.59 44.2 NC NC 1.41 NC NC 1.40 NC
Recovery 

(percent)
130 – 105 102 – – 140 – – 118 –

RPD (percent) 17 – 2.5 1.8 – – 110 – – 4.8 20

NIST 1640 (n = 1)

Analytical result 54.2 <0.5 6.2 126 44.6 0.39 28.2 <1 <0.05 1.2 0.11
Certified value 50.7 NC 5.82 122 46.8 NC 27.4 NC NC .99 NC

Recovery 
(percent)

107 – 110 104 95.4 – 103 – – 120 –

NIST 1643e (n = 2)

Analytical result 22.0 <0.5 9.06 42.2 118 <0.05 64.2 <1 0.08 2.53 <0.05
Analytical result 20.2 <.5 8.82 40.5 118 <.05 63.8 <1 .08 2.50 <.05

Certified value 17.4 NC 8.04 39.0 121 NC 62.4 NC NC 2.03 NC

Recovery 
(percent)

121 – 111 106 97.5 – 103 – – 124 –

RPD (percent) 8.5 – 2.7 4.1 I – .6 – – 1.2 –

   Reporting limit 4.5 0.5 0.05 5 2 0.05 0.4 1 0.05 0.15 0.05
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Table 6.  Analyses of field filtering blanks and results from submission of blind water reference standards.—Continued

[Concentrations in micrograms per liter unless otherwise indicated. Abbreviations: I, reported values or replicate measurements are identical within significant 
figures of the reporting unit; ILOD, instrumental limit of detection; NC, not certified; USGS, U.S. Geological Survey; NRCC, National Reserch Center of 
Canada; NIST, National Institute of Science and Technology; RPD, relative percent difference; 3*Stdev., 3 times standard deviation; n, number of samples. 
Symbols: –, not applicable or available; <, less than]

Rubi- 
dium

Sama- 
rium

Scan- 
dium

Sele- 
nium

Silica 
(mg/L) Silver Sodium 

(mg/L)
Stron- 
tium

Sulfate 
(mg/L) Tantalum Terbium

Filtering blanks (n = 3)

Average <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD

3* Stdev. – – – – – – – – – – –

NRCC - SLRS-3 (n =2)

Analytical result 1.58 <0.09 <3 <5 3.2 <15 2.64 30.7 12 <0.1 <0.025
Analytical result 1.34 <.09 <3 <5 2.8 <15 2.36 28.3 <10 <.1 <.025

Certified value NC NC NC NC NC NC 2.3 28.1 NC NC NC

Recovery 
(percent)

– – – – – – 110 105 – – –

RPD (percent) 16.4 – – – 13.3 – 11.2 8.1 – – –

USGS SRS T-171 (n = 1)

Analytical result 0.98 <0.09 <3 <5 3.0 <15 9.33 81.7 <10 <0.1 <0.025
Certified value NC NC NC 1.4 3.5 NC 8.60 84.0 NC NC NC

Recovery 
(percent)

– – – – 86 – 109 97.3 – – –

USGS SRS T-179 (n = 2)

Analytical result 0.34 <0.09 <3 <5 13.6 <15 28 109 12 <0.1 <0.025
Analytical result .38 <.09 <3 <5 13.6 <15 27 107 <10 <.1 <.025
Certified value NC NC NC NC 14.9 NC 26.2 113 NC NC NC
Recovery 

(percent)
– – – – 91.3 – 105 95.6 – – –

RPD (percent) 11.1 – – – I – 3.6 1.9 – – –

NIST 1640 (n = 1)

Analytical result 1.89 <0.09 <3 22.4 9.5 <15 31.4 119 <10 <0.1 <0.025
Certified value 2.00 NC NC 21.96 10.1 7.6 29.4 124.2 NC NC NC

Recovery 
(percent)

94.5 – – 102 94 – 107 95.8 – – –

NIST 1643e (n = 2)

Analytical result 14.0 <0.09 <3 13.1 <1 <15 23.9 322 16 <0.1 <0.025
Analytical result 13.6 <.09 <3 11.6 <1 <15 23.1 315 <10 <.1 <.025

Certified value 14.1 NC NC 12.0 NC 1.0 20.7 323 NC NC NC

Recovery 
(percent)

97.6 – – 103 – – 114 98.6 – – –

RPD (percent) 2.9 – – 12.1 – – 3.4 2.2 – – –

   Reporting limit 0.05 0.09 3 5 1 15 0.5 2.5 10 0.1 0.025

32    Concentrations of Elements in Sediments from Lake Roosevelt, Washington, September 2004



Table 6.  Analyses of field filtering blanks and results from submission of blind water reference standards.—Continued

[Concentrations in micrograms per liter unless otherwise indicated. Abbreviations: I, reported values or replicate measurements are identical within significant 
figures of the reporting unit; ILOD, instrumental limit of detection; NC, not certified; USGS, U.S. Geological Survey; NRCC, National Reserch Center of 
Canada; NIST, National Institute of Science and Technology; RPD, relative percent difference; 3*Stdev., 3 times standard deviation; n, number of samples. 
Symbols: –, not applicable or available; <, less than]

Thal- 
lium

Tho- 
rium

Thu- 
lium

Tita- 
nium

Tung- 
sten

Ura- 
nium

Vana- 
dium

Ytter- 
bium Yttrium Zinc Zirco- 

nium

Filtering blanks (n = 3)

Average <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD <ILOD

3* Stdev. – – – – – – – – – – –

NRCC - SLRS-3 (n =2)

Analytical result <0.2 <1 <0.045 <2.5 <0.5 <0.5 <2.5 <0.025 0.11 <2.5 <1
Analytical result <.2 <1 <0.045 <2.5 <.5 <.5 <2.5 <.025 .1 <2.5 <1

Certified value NC NC NC NC NC .045 .3 NC NC 1.04 NC

Recovery 
(percent)

– – – – – – – – – – –

RPD (percent) – – – – – – – – – – –

USGS SRS T-171 (n = 1)

Analytical result 8.1 <1 <0.045 <2.5 <0.5 1.22 <2.5 0.05 0.1 5.2 <1
Certified value 8.35 NC NC NC NC 1.23 2.39 NC NC 6.21 NC

Recovery 
(percent)

97 – – – – 99.2 – – – 84 –

USGS SRS T-179 (n = 2)

Analytical result 1.3 <1 <0.045 <2.5 <0.5 1.56 2.5 0.03 0.27 7.3 <1
Analytical result 1.3 <1 <.045 <2.5 <.5 1.53 <2.5 .05 .27 7.5 <1
Certified value 1.33 NC NC NC NC `1.55 NC NC NC 8.50 NC
Recovery 

(percent)
98 – – – – 99.7 – – – 87 –

RPD (percent) I – – – – 1.9 – 50 – 2.7 –

NIST 1640 (n = 1)

Analytical result <0.2 <1 <0.045 <2.5 <0.5 0.76 12 <0.025 0.18 52.9 <1
Certified value NC NC NC NC NC NC 13.0 NC NC 53.2 NC

Recovery 
(percent)

– – – – – – 92 – – 99.4 –

NIST 1643e (n = 2)

Analytical result 7.5 <1 <0.045 <2.5 <0.5 <0.5 39.9 <0.025 <0.05 81 <1
Analytical result 7.6 <1 <0.045 <2.5 <.5 <.5 38.5 <.025 <.05 80.3 <1

Certified value 7.45 NC NC NC NC NC 37.9 NC NC 78.5 NC

Recovery 
(percent)

101 – – – – – 104 – – 103 –

RPD (percent) 1.3 – – – – – 3.6 – – .9 –

   Reporting limit 0.2 1 0.045 2.5 0.5 0.5 2.5 0.025 0.05 2.5 1

Table 6    33



Element Assessment

Aluminum Recovery of SRM high (116 percent to 146 percent) at concentration between 28 and 200 mg/L.
Antimony Good recovery and RPD at 10 × original ILOD.
Arsenic Good recovery of SRM (103 percent) and RPD <10 percent at 2 × original ILOD.
Barium RL increased by 5 for dilution, no data lost.
Beryllium Informational data, no SRM data to evaluate.
Bismuth Informational data, no SRM data to evaluate.
Cadmium RL increased by 5 for dilution, RPD of 13 percent at 1.5 × RL.
Calcium RL increased by 5 for dilution, no data lost.
Cerium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Cesium Informational data, no SRM to evaluate.
Chromium RL increased by 5 for dilution.
Cobalt 75 percent recovery and high RPD near original ILOD, RL increased by 5 for dilution .
Copper One of two analysis of SLRS–3 was low.
Dysprosium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Erbium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Europium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Gadolimium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Gallium Informational data, no SRM to evaluate.  Good RPD near original ILOD.
Germanium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Holmium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Iron Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Lanthanum Informational data, no SRM to evaluate.  RL increased by 10. Five percent RPD at 2 × RL.
Lead ILOD increased by 5 for dilution.  101 percent recovery at 4 times RL.
Lithium ILOD increased by 5 for dilution, no data lost.
Lutetium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Magnesium RL increased by 5 for dilution, no data lost.

Manganese Reporting limit of 5 mg/L determined by field laboratory filtering blanks.

Molybdenum 92 percent recovery near ILOD.  RPD <10 percent  at 2 × RL.
Neodymium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Nickel 50 percent RPD for SLRS–3.
Niobium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Phosphorus Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Potassium RL increased by 5 for dilution. 
Praseodymium Informational data, no SRM to evaluate. RL increased by 5 for dilution. Low RPD near RL.
Rubidium RL increased by 5 for dilution.
Samarium RL of 0.09 mg/L determined by field laboratory filtering blanks.
Scandium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Selenium RL increased by 5 for dilution.
Silica RL increased by 5 for dilution.  RPD of 13 percent at 3 × RL.
Silver RL increased by 5 for dilution.
Sodium RPD <10 percent  at 3 to 4 × RL.
Strontium RL increased by 5 for dilution.
Sulfate Informational data, no SRM to evaluate. RL increased by 5 for dilution.  RPD high at 2 to 3 × RL.
Tantalum Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Terbium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Thallium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Thorium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Thulium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Titanium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Tungsten Informational data, no SRM to evaluate.  RPD of 11 percent at 1.5 x RL.
Uranium RL increased by 5 for dilution. 99 percent recovery with 3 × RL for two SRMs.
Vanadium RL increased by 5 for dilution.
Ytterbium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Yttrium Informational data, no SRM to evaluate. RL increased by 5 for dilution.
Zinc RL increased by 5 for dilution. Recovery 83 percent to 87 percent at 2 to 3 × RL. RL for incubations experiments increased to 3.3 µg/L based 

on the control experiment.
Zirconium Informational data, no SRM to evaluate. RL increased by 5 for dilution.

Table 7.  Quality-assurance assessment of water samples.

[Assessment:  SRM, standard reference material; RPD, relative percent difference; RL, reporting limit; ILOD, instrumental limit of detection; SLRS-3, 
freshwater standard reference material issued by National Research Council of Canada. Abbreviations:  mg/L, micrograms per liter.  Symbols: <, less than; ×, 
times]
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Site  
identifier

Sample 
identifier

Element Concentration

LR-1 LR-1OV Nickel 4.3
LR-6 LR-6INC8 Lead 15
LR-7 LR-7AINC4 Cobalt 5.9
Control LR-9INC0A Aluminum 66.6
Control LR-9INC0A Antimony 1.74

Table 8.  Water samples identified as outliers.

[All concentrations in micrograms per liter]

Table 9.  Results of incubation control experiment.

[Concentrations in microgram per liter unless otherwise indicated. Probability represents the chance that results at 1 hour and 34 days are 
the same. Abbreviations: mg/L, milligram per liter; OTL, outlier (see table 8); Avg., average; Std. Dev., standard deviation. Symbols: <, 
less than; –, not applicable]

Sample  
identifier

Time Aluminum Antimony Arsenic Barium Beryllium Bismuth Cadmium

LR-9INC0A 1 hour OTL OTL <1 22.0 <0.05 <0.2 <.1
LR-9INC0B 1 hour <10 0.3 <1 21.5 <.05 <.2 <.1
LR-9INC0C 1 hour 11.7 .3 <1 23.2 <.05 <.2 <.1
LR-9INC34A 34 days 12.1 .31 <1 27.3 <.05 <.2 <.1
LR-9INC34B 34 days 17.2 .39 1 38.1 <.05 <.2 <.1
LR-9INC34C 34 days 13.1 .3 <1 27.4 <.05 <.2 <.1

1 hour Avg. – 0.3 – 22.2 – – –
Std. Dev. – <.1 – .9 – – –

34 days Avg. 14.1 0.3 – 30.9 – – –
Std. Dev. 2.7 .05 – 6.2 – – –

Probability  – .36 – .13 – – –

Sample  
identifier

Time
Calcium 
(mg/L)

Cerium Cesium Chromium Cobalt Copper
Dyspro-

sium

LR-9INC0A 1 hour 15.3 <0.05 <0.02 <5 <0.1 <0.5 <0.04
LR-9INC0B 1 hour 16.0 <.05 <.02 <5 <.1 <.5 <.04
LR-9INC0C 1 hour 16.0 <.05 <.02 <5 <.1 <.5 <.04
LR-9INC34A 34 days 18.4 <.05 <.02 <5 <.1 <.5 <.04
LR-9INC34B 34 days 25.0 <.05 <.02 <5 <.1 .97 <.04
LR-9INC34C 34 days 19.4 <.05 <.02 <5 <.1 .5 <.04

1 hour Avg. 15.8 – – – – – –
Std. Dev. 0.4 – – – – – –

34 days Avg. 20.9 – – – – – –
Std. Dev. 3.6 – – – – – –

Probability .13 – – – – – –
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Table 9.  Results of incubation control experiment.—Continued

[Concentrations in microgram per liter unless otherwise indicated. Probability represents the chance that results at 1 hour and 34 days are 
the same. Abbreviations: mg/L, milligram per liter; OTL, outlier (see table 8); Avg., average; Std. Dev., standard deviation. Symbols: <, 
less than; –, not applicable]

Sample  
identifier

Time Parameter Erbium Europium Gallium
Gado- 
linium

Germa- 
nium

Holmium Iron

LR-9INC0A 1 hour <0.005 <0.025 <0.05 <0.025 <0.25 <0.025 <250
LR-9INC0B 1 hour <.005 <.025 <.05 <.025 <.25 <.025 <250
LR-9INC0C 1 hour <.005 <.025 <.05 <.025 <.25 <.025 <250
LR-9INC34A 34 days <.005 <.025 <.05 <.025 <.25 <.025 <250
LR-9INC34B 34 days <.005 <.025 <.05 <.025 <.25 <.025 <250
LR-9INC34C 34 days <.005 <.025 <.05 <.025 <.25 <.025 <250

1 hour Avg. – – – – – – –
Std. Dev. – – – – – – –

34 days Avg. – – – – – – –
Std. Dev. – – – – – – –

Probability – – – – – – –

Sample  
identifier

Time Parameter
Lantha-

nam 
Lead Lithium Lutetium

Mag-
nesium 
(mg/L)

Man-
ganese

Molyb- 
denium

LR-9INC0A 1 hour <0.1 <0.25 <4.5 <0.5 4.96 <5 <2
LR-9INC0B 1 hour <.1 <.25 <4.5 <.5 4.97 <5 <2
LR-9INC0C 1 hour <.1 <.25 <4.5 <.5 5.09 <5 <2
LR-9INC34A 34 days <.1 <.25 <4.5 <.5 5.29 <5 <2
LR-9INC34B 34 days <.1 <.25 <4.5 <.5 7.30 <5 <2
LR-9INC34C 34 days <.1 <.25 <4.5 <.5 5.47 <5 <2

1 hour Avg. – – – – 5.0 – –
Std. Dev. – – – – 0.1 – –

34 days Avg. – – – – 6.0 – –
Std. Dev. – – – – 1.1 – –

Probability – – – – .26 – –

Sample  
identifier

Time Parameter
Neody- 
mium

Nickel Niobium
Phos-
phorus

Potassium 
 (mg/L)

Prose-
dymium

Rubi- 
dium

LR-9INC0A 1 hour <0.05 <0.4 <1 <0.05 0.97 <0.05 0.99
LR-9INC0B 1 hour <.05 <.4 <1 <.05 .94 <.05 .99
LR-9INC0C 1 hour <.05 <.4 <1 <.05 .95 <.05 1.00
LR-9INC34A 34 days <.05 <.4 <1 <.05 .94 <.05 1.01
LR-9INC34B 34 days <.05 <.4 <1 <.05 1.33 <.05 1.45
LR-9INC34C 34 days <.05 <.4 <1 <.05 1.05 <.01 1.11

1 hour Avg. – – – – 1.0 – 1.0
Std. Dev. – – – – .0 – .0

34 days Avg. – – – – 1.1 – 1.2
Std. Dev. – – – – .2 – .2

Probability – – – – .32 – .28
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Table 9.  Results of incubation control experiment.—Continued

[Concentrations in microgram per liter unless otherwise indicated. Probability represents the chance that results at 1 hour and 34 days are 
the same. Abbreviations: mg/L, milligram per liter; OTL, outlier (see table 8); Avg., average; Std. Dev., standard deviation. Symbols: <, 
less than; –, not applicable]

Sample  
identifier

Time Parameter Samarium Scandium Selenium
Silicon 
(mg/L)

Silver
Sodium 
 (mg/L)

Strontium 

LR-9INC0A 1 hour <0.09 <3 <5 3.2 <15 2.14 79.0
LR-9INC0B 1 hour <.09 <3 <5 2.8 <15 2.11 80.9
LR-9INC0C 1 hour <.09 <3 <5 3.0 <15 2.10 82.3
LR-9INC34A 34 days <.09 <3 <5 3.5 <15 2.26 92.3
LR-9INC34B 34 days <.09 <3 <5 4.4 <15 3.30 127
LR-9INC34C 34 days <.09 <3 <5 3.7 <15 2.32 93.4

1 hour Avg. – – – 3.0 – 2.1 80.7
Std. Dev. – – – .2 – .03 1.7

34 days Avg. – – – 3.9 – 2.6 104.2
Std. Dev. – – – 0.5 – 0.6 19.7

Probability – – – .07 – .27 .17

Sample  
identifier

Time Parameter
Sulfate 
(mg/L)

Tantalum Terbium Thalium Thorium Thulium Titanium

LR-9INC0A 1 hour 24 <0.1 <0.01 <0.1 <1 <0.045 <2.5
LR-9INC0B 1 hour 12 <.1 <.01 <.1 <1 <.045 <2.5
LR-9INC0C 1 hour 22 <.1 <.01 <.1 <1 <.045 <2.5
LR-9INC34A 34 days 14 <.1 <.01 <.1 <1 <.045 <2.5
LR-9INC34B 34 days 19 <.1 <.01 <.1 <1 <.045 <2.5
LR-9INC34C 34 days 28 <.1 <.01 <.1 <1 <.045 <2.5

1 hour Avg. 19.3 – – – – – –
Std. Dev. 6.4 – – – – – –

34 days Avg. 20.3 – – – – – –
Std. Dev. 7.1 – – – – – –

Probability .87 – – – – – –

Sample  
identifier

Time Parameter Tungsten Uranium Vanadium Yttrium Ytterbium Zinc Zirconium

LR-9INC0A 1 hour <0.5 <0.5 <0.5 <0.05 <0.025 <2.5 <0.2
LR-9INC0B 1 hour <.5 <.5 <.5 <.05 <.025 <2.5 <.2
LR-9INC0C 1 hour <.5 <.5 <.5 <.05 <.025 <2.5 <.2
LR-9INC34A 34 days <.5 <.5 <.5 <.05 <.025 2.8 <.2
LR-9INC34B 34 days <.5 <.5 <.5 <.05 <.025 4.3 <.2
LR-9INC34C 34 days <.5 <.5 0.6 <.05 <.025 2.8 <.2

1 hour Avg. – – – – – – –
Std. Dev. – – – – – – –

34 days Avg. – – – – – 3.3 –
Std. Dev. – – – – – 0.9 –

Probability – – – – – – –
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Element or 
group

Analysis of solids Analysis of liquids

Solids
Selective fraction

 Total
Reservoir 

water
Pore- 
water

Incu- 
bation

Tumb-
ling

 Total 
1 2 3 Res.

Total No. of samples 28 8 8 8 8 60 10 32 55 24 121

Alkali and Alkaline Earth Elements

Detections Barium 28 8 8 8 8 60 10 32 55 24 121

Beryllium 28 8 8 8 8 60 0 1 0 0 1

Calcium 28 8 8 8 8 60 10 32 55 24 121

Cesium 28 3 8 8 8 55 0 27 20 17 64

Lithium 28 5 8 8 8 57 1 7 1 10 19

Magnesium 28 8 8 8 8 60 10 32 55 24 121

Potassium 28 8 8 8 7 59 10 32 55 24 121

Rubidium 28 8 8 8 8 60 10 32 55 24 121

Sodium 28 5 2 6 8 49 10 32 55 24 121

Strontium 28 8 8 8 8 60 10 32 55 24 121

Detections AAE 280 69 74 78 79 580 71 259 406 195 931

Possible detections AAE 280 80 80 80 80 600 100 320 350 240 1,210

Percentage of detections AAE 100 86 93 98 99 97 71 81 74 81 77

Non-metals

Detections Arsenic 28 6 8 3 8 53 1 28 8 21 58

Phosphorus 28 – – – – 28 1 22 16 9 48

Selenium – 1 1 6 1 9 0 0 0 0 0

Silicon – – – – – – – 10 32 55 24 121

Sulfate – – – – – – – 7 5 55 13 80

Detections NM 56 7 9 9 9 90 19 87 134 67 307

Possible detections NM 56 16 16 16 16 120 50 160 275 120 605

Percentage of detections NM 100 44 56 56 56 75 38 54 49 56 51

Metals

Detections Aluminum 28 8 8 8 8 60 10 32 41 24 107
Antimony 28 4 5 3 8 48 3 28 29 21 81

Bismuth 28 0 5 0 8 41 0 0 0 0 0

Cadmium 28 8 8 8 8 60 1 11 8 13 33

Chromium 28 8 7 8 8 59 0 0 0 0 0

Cobalt 28 8 8 8 8 60 3 29 15 21 68

Copper 28 8 8 8 8 60 6 26 55 20 107

Gallium 28 4 8 8 8 56 0 17 16 18 51

Germanium – 4 6 5 8 23 0 5 2 12 19

Iron 28 8 8 8 8 60 0 8 4 12 24

Lead 28 8 8 8 8 60 7 32 23 22 84

Manganese 28 8 8 8 8 60 3 30 31 24 88

Molybdenum 28 1 1 2 5 37 0 13 20 19 52

Nickel 28 8 8 8 6 58 1 26 21 19 67

Niobium – – – – – – 0 0 0 0 0 0

Scandium 28 – – – – 28 0 6 16 9 31

Table 10.  Number of detections in sediments, selective extractants, reservoir waters, porewaters, incubation core samples, and 
supernatants of the tumbling experiments.

[Abbreviations: Res., residual; No., number; AAE, alkali and alkaline earth elements; NM, non-metals; L&A, lanthanide and actinide; –, not analyzed]
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Element or 
group

Analysis of solids Analysis of liquids

Solids
Selective fraction

 Total
Reservoir 

water
Pore- 
water

Incu- 
bation

Tumb-
ling

 Total 
1 2 3 Res.

Metals—Continued

Detections Silver 4 0 0 0 3 7 0 0 0 0 0
Tantalum – – – – – 0 0 1 0 0 1

Thallium 28 3 5 4 8 48 0 0 0 1 1

Titanium 28 – – – – 28 0 10 0 5 15

Tungsten – – – – – 0 0 8 5 8 21

Vanadium 28 8 8 8 8 60 0 3 0 1 4

Yttrium 28 – – – – 28 0 31 2 21 54

Zinc 28 8 8 8 8 60 3 29 38 24 94

Zirconium – – – – – 0 0 0 0 0 0

Detections Metals 536 104 117 110 134 973 37 339 325 285 1,001

Possible detections Metals 560 160 160 160 160 1,200 250 800 1,375 600 3,025

Percentage of detections Metals 91 65 73 69 84 81 15 42 24 48 33

Lanthanide and actinide elements

Detections Cerium 28 – – – – 28 0 31 4 22 57
Dyprosium – – – – – – 0 7 0 1 8

Erbium – – – – – – 1 4 0 2 7

Europium – – – – – – 0 3 1 8 12

Gadolinium – – – – – – 0 17 1 9 27

Holmium – – – – – – 0 0 0 0 0

Lanthanum 28 – – – – 28 0 21 0 10 31

Lutetium – – – – – – 0 0 0 0 0

Neodymium – – – – – – 0 24 0 15 39

Praseodymium – – – – – – 0 9 0 1 10

Samarium – – – – – – 0 2 0 0 2

Terbium – – – – – – 0 0 0 0 0

Thorium 28 – – – – 28 0 0 0 0 0

Thulium – – – – – – 0 0 0 0 0

Uranium 28 8 8 8 8 60 1 11 24 12 48

Ytterbium – – – – – – 0 17 4 6 27

Detections L&A 112 8 8 8 8 144 2 146 34 86 268

Possible detections L&A 112 8 8 8 8 144 160 512 880 384 1,936

Percentage of detections L&A 100 100 100 100 100 100 1 29 4 22 14

All elements

Detections All  984 188 208 205 230 1,815 129 837 899 642 2,507
Possible detections All  1,098 248 248 248 248 2,000 560 1,792 3,080 1,344 6,776

Percentage of detections All  98 76 84 83 93 91 23 47 29 48 37

Table 10.  Number of detections in sediments, selective extractants, reservoir waters, porewaters, incubation core samples, and 
supernatants of the tumbling experiments.—Continued

[Abbreviations: Res., residual; AAE, alkali and alkaline earth elements; NM, non-metals; L&A, lanthanide and actinide; NA, not analyzed]
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Table 11.  Concentrations of alkali and alkaline earth elements and non-metals in composite samples and field replicates.

[All concentrations are in microgram per gram; Abbreviations: cm, centimeter; PW, porewater]

Site 
identifier

Sample 
identifier

Sample type 

Alkali and Alkaline Earth Elements Non-Metals

Barium
Beryl-
lium

Calcium Cesium Lithium
Magne-

sium
Potas-
sium

Rubi-
dium

Sodium
Stron-
tium

Arsenic
Phos- 

phorus

LR-1 LR-1 Composite 799 2.4 13,700 4.7 27.0 9,530 25,500 115 14,600 317 9 570
PW-1B 0-2 cm spent PW 793 2.5 11,900 5.2 27.8 10,400 27,200 124 14,300 297 9 680

PW-1C 0-2 cm spent PW 803 2.4 11,400 5.0 27.9 9,880 27,500 126 14,400 296 10 580

LR-2 LR-2 Composite 1,060 2.9 11,300 7.6 45.0 14,800 24,700 127 11,000 249 22 1,500
LR-2A 0-1 cm 1,080 2.9 12,200 7.8 43.9 15,700 25,800 130 11,100 267 22 1,500
LR-2B 7-10 cm 1,060 2.9 12,400 7.3 43.2 14,400 24,800 126 12,100 262 25 1,200

LR-3 LR-3 Composite 1,180 2.7 15,400 5.2 33.6 13,200 24,400 108 16,400 400 13 1,500
LR-3A 0-1 cm 1,100 2.5 15,300 5.0 31.8 13,100 23,600 105 15,100 386 15 1,500

LR-3B 5-6 cm 1,210 2.6 16,100 5.3 35.1 14,000 26,000 114 16,700 411 14 1,600

LR-4 LR-4 Composite 1,240 2.4 17,600 1.8 15.9 7,920 26,800 93 23,500 601 3 690
PW-4A 0-2 cm spent PW 1,220 2.3 16,000 1.8 15.4 7,760 26,600 89 23,700 586 3 690

PW-4F 0-2 cm spent PW 1,210 2.1 16,600 2.1 16.3 8,360 26,000 92 22,300 567 3 800

LR-4A TM-4AINC 0-2 cm spent 
tumbled core

1,090 3.0 16,700 4.9 42.1 14,800 24,900 101 17,000 399 9 1,700

LR-5 LR-5 Composite 1,460 2.3 32,600 2.8 21.3 18,000 21,300 81 18,500 486 8 1,200
PW-5A 0-2 cm spent PW 1,210 2.2 26,600 4.1 27.5 16,800 19,400 83 15,000 376 11 1,600

PW-5B 0-2 cm spent PW 1,480 1.9 37,400 2.8 21.0 22,200 18,900 73 15,600 408 10 1,300

PW-5D 0-2 cm spent PW 1,460 2.1 30,200 2.9 20.8 17,800 21,300 80 17,800 433 8 1,200

LR-5A TM-5AINC 0-2 cm spent 
tumbled core

1,300 3.0 36,200 2.8 30.2 18,400 22,000 78 19,200 479 9 1,600

LR-6 LR-6 Composite 1,430 1.9 43,400 2.0 17.0 19,700 19,200 69 17,200 482 12 1,200
LR-6A 0-1 cm 1,530 2.4 40,100 2.2 19.3 19,500 21,300 76 19,300 530 10 1,400

LR-6B 3-4 cm 1,670 2.2 44,200 1.9 17.3 20,600 21,200 73 18,400 523 11 1,400

LR-7 LR-7 Composite 2,110 1.6 83,600 1.8 18.9 11,500 14,500 59 10,100 476 32 940
LR-7R Composite 2,140 1.8 83,500 1.8 19.2 11,700 14,600 58 10,500 479 30 920

PW-7E 0-2 cm spent PW 1,980 1.5 84,400 2.0 18.5 13,100 14,600 59 9,960 438 30 1,000
PW-7F 0-2 cm spent PW 1,800 1.5 85,500 2.2 19.5 14,600 15,500 64 10,600 425 30 1,000

SA-8 SA-8 Composite 1,030 2.4 18,800 5.1 32.6 12,900 25,000 104 17,300 492 10 1,100
SA-8A 0-1 cm 956 2.4 16,100 6.2 36.7 14,000 24,800 112 14,500 401 9 1,300

SA-8B 5-7 cm 983 2.5 18,200 5.5 34.7 13,600 24,500 107 16,300 479 7 1,200
1RM 743 0-1 cm 3,100 1.4 95,400 0.8 18.2 9,570 6,870 22.8 5,080 444 46.8 687

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia River on September 13, 2002 and  
analyzed as part of a previous study (Cox and others, 2005).
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Site 
identifier

Sample 
identifier

Variation

Alkali and alkaline earth elements

Barium Beryllium Calcium Cesium Lithium
Magne- 

sium
Potas- 
sium

Rubidium Sodium Strontium

LR-1 PW-1B H 0.8 4.2 13.1 10.6 3.0 9.1 6.7 7.8 2.1 6.3
PW-1C H .5 I 16.8 6.4 3.3 3.7 7.8 9.6 1.4 6.6

LR-2 LR-2A V 1.9 I 8.0 2.6 2.4 6.1 4.5 2.4 .9 7.2
LR-2B V I I 9.7 3.9 4.0 2.7 .4 .8 10.0 5.2

LR-3 LR-3A V 7.3 8.0 .7 4.0 5.7 .8 3.4 2.9 8.6 3.6
LR-3B V 9.1 3.8 5.0 5.7 9.4 6.4 9.2 7.9 9.6 6.1

LR-4 PW-4A H 1.6 4.2 9.1 I 3.1 2.0 .7 4.6 .9 2.5
PW-4F H 2.4 12.5 5.7 16.7 2.5 5.6 3.0 1.8 5.1 5.7

LR-5 PW-5A H 17.1 4.3 20.3 46.4 29.1 6.7 8.9 2.6 18.9 22.6
PW-5B H 1.4 17.4 14.7 I 1.4 23.3 11.3 9.8 15.7 16.0
PW-5D H I 8.7 7.4 3.6 2.3 1.1 I .5 3.8 10.9

LR-6 LR-6A V 7.0 26.3 7.6 10.0 13.5 1.0 10.9 9.2 12.2 10.0
LR-6B V .2 .2 1.8 .1 1.2 4.5 .1 5.6 .1 .1

LR-7 PW-7E H 6.2 6.3 1.0 11.1 2.1 13.9 .7 1.2 1.4 8.0
PW-7F H 14.7 6.3 2.3 22.2 3.2 27.0 6.9 9.4 5.0 1.7

SA-8 SA-8A V 7.2 I 14.4 21.6 12.6 8.5 .8 7.7 16.2 18.5
SA-8B V 4.6 4.2 3.2 7.8 6.4 5.4 2.0 2.9 5.8 2.6

Table 12.  Vertical and horizontal variation of concentrations of alkali and alkaline earth elements and non-metals.

[All values are the percent difference from composite sample concentrations listed in table 11. Vertical or Horizontal variation:  H, horizontal; V, vertical. 
Abbreviations: I, reported values or replicate measurements are identical within significant figures of the reporting unit]

Site 
identifier

Sample 
identifier

Variation
Non-metals

Arsenic Phosphorus

LR-1 PW-1B H I 19.3
PW-1C H 8.9 1.8

LR-2 LR-2A V I I
LR-2B V 13.6 20.0

LR-3 LR-3A V 13.3 I
LR-3B V 7.1 6.3

LR-4 PW-4A H 6.3 I
PW-4F H 6.3 15.9

LR-5 PW-5A H 37.5 33.3
PW-5B H 25.0 8.3
PW-5D H 2.5 I

LR-6 LR-6A V 16.7 16.7
LR-6B V .1 .2

LR-7 PW-7E H 6.3 6.4
PW-7F H 6.3 6.4

SA-8 SA-8A V 3.2 18.2
SA-8B V 24.2 9.1
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Site  
identifier

Sample 
identifier

Sample type 

Metals

Alumi- 
num

Antimony Bismuth Cadmium Chromium Cobalt Copper Gallium Iron Lead

LR-1 LR-1 Composite 66,100 0.8 0.29 .25 45.8 6.8 12.1 16 28,000 15.9
PW-1B 0–2 cm spent PW 69,200 1.0 .28 .32 53.9 7.7 13.6 17 37,000 17.6
PW-1C 0–2 cm spent PW 68,500 1.0 .26 .33 56.0 7.3 12.5 17 41,000 16.7

LR-2 LR-2 Composite 83,800 4.2 .81 6.8 101.0 18.8 84.0 22 51,000 247
LR-2A 0–1 cm 83,900 3.0 .71 4.0 96.6 19.4 63.4 22 52,000 116
LR-2B 7–10 cm 85,000 4.0 .94 10.5 109.0 19.8 72.5 22 50,000 374

LR-3 LR-3 Composite 76,200 4.2 .66 6.7 101.0 16.3 68.7 19 42,000 413
LR-3A 0–1 cm 72,200 3.2 .54 4.8 88.9 15.9 55.3 18 42,000 205
LR-3B 5–6 cm 79,800 4.8 .72 7.8 108.0 16.5 81.7 20 44,000 480

LR-4 LR-4 Composite 69,700 .5 .10 .24 42.1 6.3 12.3 15 20,000 17.9
PW-4A 0–2 cm spent PW 70,400 .5 .11 .31 40.7 5.7 12.4 15 19,000 20
PW-4F 0–2 spent PW 68,600 .6 .12 .33 43.6 6.5 15.0 15 21,000 20.4

LR-4A TM-4AINC 0–2 cm spent 
tumbled core

79,900 3.4 .51 2.6 76.8 14.1 63.3 18 42,000 112

LR-5 LR-5 Composite 60,800 4.8 .75 3.6 61.3 9.1 68.7 15 32,000 212
PW-5A 0–2 cm spent PW 60,400 8.0 .68 4.6 69.8 12.5 111 16 40,000 190
PW-5B 0–2 cm spent PW 54,400 5.9 .44 5.3 59.1 8.9 77.1 13 32,000 276
PW-5D 0–2 spent PW 61,300 4.1 .38 3.0 58.8 8.7 61.8 14 30,000 180

LR-5A TM-5AINC 0–2 cm spent 
tumbled core

66,900 13.5 .38 3.4 68.3 13.8 212.0 16 50,000 167

LR-6 LR-6 Composite 53,000 24.0 .40 4.2 61.7 12.4 281 14 45,000 205
LR-6A 0–1 cm 60,400 20.1 .30 4.5 81.4 15.0 234 16 49,000 170
LR-6B 3–4 cm 58,100 34.3 .26 3.4 70.5 15.5 328 16 51,000 159

LR-7 LR-7 Composite 43,200 174 .21 1.4 173.0 64.7 2,660 26 220,000 843
LR-7R Composite 43,600 163 .13 1.2 166.0 64.8 2,600 26 220,000 802
PW-7E 0–2 cm spent PW 43,500 145 .13 1.5 146.0 62.1 2,480 24 200,000 926
PW-7F 0–2 cmspent PW 44,600 125 .28 1.5 132.0 56.0 2,300 22 190,000 816

SA-8 SA-8 Composite 77,800 1.7 .34 .38 75.2 12.5 24.6 19 35,000 21.1
SA-8A 0–1 cm 76,700 1.2 .42 .63 79.0 13.5 29.2 20 39,000 22.6
SA-8B 5–7 cm 77,300 1.1 .35 .41 82.6 12.8 27.8 20 37,000 21.7
1RM 743 0-2 cm 32,400 323 .3 <.003 298 86.8 3,790 33.5 32,400 642

Table 13.  Concentrations of metals in composite samples and field replicates.

[Concentrations are in microgram per gram. Abbreviations: cm, centimeter; PW, pore water. Symbols: –, not analyzed; <, less than]
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Site 
identifier

Sample 
identifier

Sample type 

Metals

Man- 
ganese

Molyb- 
denum

Nickel
Scan- 
dium

Silver Thallium Titanium Vanadium Yttrium Zinc

LR-1 LR-1 Composite 455 0.31 14.1 9.6 <3 0.7 2,500 70.4 18.7 75
PW-1B 0–2 spent PW 517 .33 16.3 10.8 <3 .9 3,100 85.5 20.9 109
PW-1C 0–2 spent PW 542 .32 15.2 10.1 <3 .8 2,800 93.5 19.1 96

LR-2 LR-2 Composite 2,210 1.1 45.3 16.3 <3 1.8 4,300 121 45.8 806
LR-2A 0–1 cm 3,780 1.6 50.1 16.5 <3 1.2 4,500 125 30.3 580
LR-2B 7–10 cm 1,180 1.3 44.4 16.4 <3 1.7 4,500 120 51.6 1,220

LR-3 LR-3 Composite 1,510 1.3 41.6 13.2 <3 1.8 3,500 112 47.0 798
LR-3A 0–1 cm 3,200 1.7 42.0 12.8 <3 1.4 3,400 106 32.9 530
LR-3B 5–6 cm 1,050 1.3 44.2 14.0 <3 2.2 3,700 118 51.1 985

LR-4 LR-4 Composite 445 .36 15.2 7.0 <3 .6 2,000 64.1 14.7 57
PW-4A 0–2 spent PW 470 .39 14.6 6.9 <3 .6 1,900 60.7 12.9 65
PW-4F 0–2 spent PW 492 .45 17.2 7.2 <3 .6 2,000 66.5 13.7 72

LR-4A TM-4AINC 0–2 spent 
tumbled core

1,110 1.2 36.8 11.6 <3 .9 3,500 103 23.9 407

LR-5 LR-5 Composite 560 1.8 22.5 8.8 <3 .9 2,700 80.4 26.0 763
PW-5A 0–2 spent PW 729 2.1 30.0 10.9 <3 .8 2,900 90.0 26.1 954
PW-5B 0–2 spent PW 536 2.6 23.5 7.9 <3 .9 2,300 75.6 26.1 1,020
PW-5D 0–2 spent PW 510 1.9 21.8 8.9 <3 .8 2,400 77.5 23.4 663

LR-5A TM-5AINC 0-2 spent 
tumbled core

904 4.4 24.2 8.3 <3 .7 2,800 79.7 21.4 2,320

LR-6 LR-6 Composite 844 5.6 18.4 6.8 <3 .6 2,000 67.1 17.8 2,760
LR-6A 0–1 cm 880 4.8 22.7 8.3 <3 .7 2,700 80.4 20.5 2,250
LR-6B 3–4 cm 1,030 4.6 19.7 7.9 <3 .7 2,600 77.4 21.3 2,760

LR-7 LR-7 Composite 4,320 35 17.7 8.4 5.4 .2 2,200 80.4 20.9 18,200
LR-7R Composite 4,250 35 17.0 8.4 5.1 .2 2,200 80.1 21.2 18,000
PW-7E 0–2 spent PW 3,850 35 16.8 9.0 4.9 .2 2,300 90.0 21.0 16,500
PW-7F 0–2 spent PW 3,440 32 15.9 9.8 4.5 .2 2,500 101 21.8 14,400

SA-8 SA-8 Composite 642 .78 28.0 11.9 <3 .7 3,800 85.4 22.9 117
SA-8A 0–1 cm 857 .61 31.6 13.2 <3 .8 4,300 90.0 26.0 149
SA-8B 5–7 cm 608 .72 30.4 13.0 <3 .8 4,600 90.4 26.1 115
1RM 743 0-2 cm 5,860 62 25.8 7.0 – .1 2,530 77.1 22.2 23,000

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia River on September 13, 2002 and  
analyzed as part of a previous study (Cox and others, 2005).

Table 13.  Concentrations of metals in composite samples and field replicates.—Continued

[Concentrations are in microgram per gram. Abbreviations: cm, centimeter; PW, porewater. Symbols: –, not analyzed; <, less than]
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Table 14.  Vertical and horizontal variaton of concentrations of metals.

[Values are the percent difference from composite sample concentrations listed in table 13. Vertical or horizontal variation: H, horizontal, V, vertical. 
Abbreviations: I, reported values or replicate measurements are identical within significant figures of the reporting unit. Symbols: –, not applicable]

Site 
identifier

Sample  
identifier

Vertical or 
horizontal 
variation

Aluminum Antimony Bismuth Cadmium Chromium Cobalt Copper Gallium Iron Lead

LR-1 PW-1B H 4.7 20.5 3.4 28.0 17.7 13.2 12.4 6.3 32.1 10.7
PW-1C H 3.6 15.7 10.3 32.0 22.3 7.4 3.3 6.3 46.4 5.0

LR-2 LR-2A V .1 28.6 12.3 41.2 4.4 3.2 24.5 I 2.0 53.0

LR-2B V 1.4 4.8 16.0 54.4 7.9 5.3 13.7 I 2.0 51.4

LR-3 LR-3A V 5.5 31.3 22.2 39.6 13.6 2.5 24.2 5.6 .0 102

LR-3B V 9.5 33.3 25.0 38.5 17.7 3.6 32.3 10.0 4.5 57.3

LR-4 PW-4A H 1.0 14.9 10.0 29.2 3.3 9.5 .8 .0 5.0 11.7

PW-4F H 1.6 25.5 20.0 37.5 3.6 3.2 22.0 .0 5.0 14.0

LR-5 PW-5A H .7 66.7 9.3 27.8 13.9 37.4 61.6 6.7 25.0 10.4

PW-5B H 10.5 22.9 41.3 47.2 3.6 2.2 12.2 13.3 I 30.2

PW-5D H .8 14.6 49.3 16.7 4.1 4.4 10.0 6.7 6.3 15.1

LR-6 LR-6A V 14.0 16.3 25.0 7.1 31.9 21.0 16.7 14.3 8.9 17.1

LR-6B V .1 .4 .4 .2 .1 .3 .2 .1 .1 .2

LR-7 PW-7E H .7 16.7 38.1 7.1 15.6 4.0 6.8 7.7 9.1 9.8

PW-7F H 3.2 28.2 33.3 7.1 23.7 13.4 13.5 15.4 13.6 3.2

SA-8 SA-8A V 1.4 29.4 23.5 65.8 5.1 8.0 18.7 5.3 11.4 7.1

SA-8B V .6 35.3 2.9 7.9 9.8 2.4 13.0 5.3 5.7 2.8

Site 
identifier

Sample  
identifier

Vertical or 
horizontal 
variation

Manganese Molybdenium Nickel Scandium Silver Titanium Thallium Vanadium Yttrium Zinc

LR-1 PW-1B H 13.6 6.5 15.6 12.5 – 24.0 20.8 21.4 11.8 44.9
PW-1C H 19.1 3.2 7.8 5.2 – 12.0 5.6 32.8 2.1 27.4

LR-2 LR-2A V 71.0 45.5 10.6 1.2 – 4.7 33.3 3.3 33.8 28.0

LR-2B V 46.6 18.2 2.0 .6 – 4.7 5.6 .8 12.7 51.4

LR-3 LR-3A V 52.8 23.5 1.0 3.1 – 2.9 28.6 5.7 42.9 50.6

LR-3B V 204.8 30.8 5.0 8.6 – 8.1 36.4 10.2 35.6 46.2

LR-4 PW-4A H 5.6 8.3 3.9 1.4 – 5.0 I 5.3 12.2 13.9

PW-4F H 10.6 25.0 13.2 2.9 – .0 I 3.7 6.8 25.3

LR-5 PW-5A H 30.2 16.7 33.3 23.9 – 7.4 12.8 11.9 .4 25.0

PW-5B H 4.3 44.4 4.4 10.2 – 14.8 1.2 6.0 .4 33.7

PW-5D H 8.9 5.6 3.1 1.1 – 11.1 8.1 3.6 10.0 13.1

LR-6 LR-6A V 4.3 14.3 23.4 22.1 – 35.0 6.3 19.8 15.2 18.5

LR-6B V .2 .2 .1 .2 – .3 .1 .2 .2 I

LR-7 PW-7E H 10.9 1.4 5.1 7.1 9.1 4.5 I 11.9 .5 9.3

PW-7F H 20.4 9.7 10.2 16.7 17.3 13.6 I 25.6 4.3 20.9

SA-8 SA-8A V 33.5 21.8 12.9 10.9 – 13.2 5.5 5.4 13.5 27.4

SA-8B V 5.3 7.7 8.6 9.2 – 21.1 2.7 5.9 14.0 1.7
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Site 
identifier

Sample 
identifier

Sample type Cerium Lanthanum Thorium Uranium

LR-1 LR-1 Composite 82.0 46.3 14.7 3.8
PW-1B 0–2 cm spent PW 105 51.7 13.9 2.4
PW-1C 0–2 cm spent PW 100 51.6 17.5 2.9

LR-2 LR-2 Composite 98.4 62.7 15.8 5.2
LR-2A 0–1 cm 95.1 52.6 15.5 5.3
LR-2B 7–10 cm 88.8 67.2 14.7 5.2

LR-3 LR-3 Composite 101 68.9 13.8 4.3
LR-3A 0–1 cm 87.9 59.2 13.8 4.2
LR-3B 5–6 cm 111 75.1 15.0 4.5

LR-4 LR-4 Composite 57.2 33.2 8.9 2.1
PW-4A 0–2 cm spent PW 56.0 33.2 8.5 1.4
PW-4F 0–2 cm spent PW 53.3 30.9 8.3 1.5

LR-4A TM-4AINC 0–2 cm spent tumbled core 88.1 50.2 13.9 4.2

LR-5 LR-5 Composite 78.1 49.9 10.9 4.0
PW-5A 0–2 cm spent PW 76.8 48.1 12.7 4.5
PW-5B 0–2 cm spent PW 65.2 42.9 9.1 4.3
PW-5D 0–2 cm spent PW 73.8 47.2 11.8 3.7

LR-5A TM-5AINC 0–2 cm spent tumbled core 76.4 44.6 10.9 4.0

LR-6 LR-6 Composite 68.2 41.8 10.3 4.5
LR-6A 0–1 cm 71.3 42.8 11.9 5.8
LR-6B 3–4 cm 85.4 51.9 17.8 5.7

LR-7 LR-7 Composite 48.4 30.6 6.7 4.7
LR-7R Composite 51.0 32.2 8.0 4.8
PW-7E 0–2 cm spent PW 47.6 30.2 6.3 4.3
PW-7F 0–2 cm spent PW 54.9 35.4 6.9 4.0

SA-8 SA-8 Composite 81.2 44.6 10.9 3.5
SA-8A 0–1 cm 83.2 45.6 11.8 4.0
SA-8B 5–7 cm 87.3 47.0 11.2 4.4
1RM 743 0–2 cm 55.2 31.8 9.2 6.4

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia 
River on September 13, 2002 and analyzed as part of a previous study (Cox and others, 2005).

Table 15.  Concentrations of lanthanide and actanide elements in composite samples and field 
replicates.

[All concentrations are in micrograms per gram. Abbreviations: cm, centimeter; pw, porewater]

Table 15    45



Site  
identifier

Sample 
identifier

Variation Cerium
Lantha- 

num
Thorium Uranium

LR-1 PW-1B H 28.0 11.7 5.4 36.8
PW-1C H 22.0 11.4 19.0 23.7

LR-2 LR-2A V 3.4 16.1 1.9 1.9
LR-2B V 9.8 7.2 7.0 I

LR-3 LR-3A V 14.9 16.4 I 2.4
LR-3B V 20.8 21.2 8.0 6.7

LR-4 PW-4A H 2.1 I 4.5 33.3
PW-4F H 6.8 6.9 6.7 28.6

LR-5 PW-5A H 1.7 3.6 16.5 12.5
PW-5B H 16.5 14.0 16.5 7.5
PW-5D H 5.5 5.4 8.3 7.5

LR-6 LR-6A V 4.5 2.4 15.5 28.9
LR-6B V .3 .2 .7 .3

LR-7 PW-7E H 1.7 1.3 6.0 8.5
PW-7F H 13.4 15.7 3.0 14.9

SA-8 SA-8A V 2.5 2.2 8.3 14.3
SA-8B V 7.5 5.4 2.8 25.7

Table 16.  Vertical and horizontal variation of concentrations of 
lanthanide and actinide elements.

[Values are the percent difference from composite concentrations listed 
in table 15. Abbreviations: I, reported values or replicate measurements 
are identical within significant figures of the reporting unit; Variation: H, 
horizontal; V, vertical]
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Table 17.  Concentrations of alkali, alkaline earth, non-metals, and actinide elements from selective extraction fractions of composite 
sediment samples.

[All concentrations are in micrograms per gram. Step: Fraction 1 extractant, 0.11M acetic acid; Fraction 2 extractant, 0.5 M hydroxylamine hydrochloride; 
Fraction 3 extractant, 30 percent hydrogen peroxide followed with 1.0 M ammonium acetate. Symbol: <, less than]

Elements

Site 
idntifier

Step

Alkali and alkaline earth Non-metal Actinide

Barium
Beryl- 
lium

Calcium Cesium Lithium
Magne- 

sium
Potas- 
sium

Rubi- 
dium

Sodium
Stron- 
tium

Arsenic
Sele- 
nium

Uranium

LR-1 Fraction1 13.6 0.03 3,250 < 0.004 < 0.2 230 29.6 0.11 <20 6.9 <0.2 <0.2 0.02 
Fraction2 12.3 .03 1,000 .07 .3 141 25.8 .38 <20 3.8 .8 <0.2 .05 

Fraction3 4.01 .04 202 .06 .8 166 65.4 .44 <20 1.0 <.2 <0.2 .04 

Residual 585 1.3 4,570 3.85 20.8 5,890 <6 83.2 12,200 205 4.1 <0.2 1.08 

LR-2 Fraction1 82.5 .2 2,070 .005 .2 354 123 0.37 23.5 15.1 3.2 <0.2 .19 

Fraction2 109 .3 1,980 .25 1.4 658 121 1.46 <20 13.5 4.0 0.2 .75 

Fraction3 15.3 .1 305 .18 3.7 846 119 .90 58.3 3.1 .2 0.7 1.26 

Residual 608 1.2 3,010 4.84 29.8 8,080 20,200 69.6 8,830 124 8.4 <0.2 1.51 

LR-3 Fraction1 89.5 .2 1,960 <.004 <.2 315 75.0 0.30 19.1 12.7 .4 <.2 .11 

Fraction2 79.9 .2 2,080 .21 .9 492 78.1 1.23 <20 12.0 3.4 <.2 .62 

Fraction3 15.9 .07 266 .03 2.5 561 92.0 .69 45.9 2.6 <.2 .6 .92 

Residual 721 1.2 5,580 3.59 22.0 7,450 19,500 61.1 13,200 237 3.1 <.2 1.29 

LR-4 Fraction1 16.8 .03 2,350 <.004 <.2 420 21.6 .10 <20 8.2 <.2 <.2 .03 

Fraction2 9.96 .04 1,180 .04 .3 160 20.1 .23 <20 5.0 .4 <.2 .09 

Fraction3 3.17 .04 304 .03 .7 188 39.9 .27 19.4 1.4 <.2 <.2 .14 

Residual 734 1.0 8,550 1.26 9.2 3,460 18,300 43.9 19,200 330 .6 <.2 .74 

LR-5 Fraction1 48.4 .07 13,100 <.004 .2 6,850 35.5 .17 <20 12.1 .5 <.2 .20 

Fraction2 60.4 .2 5,770 .10 1.0 2,470 23.7 .44 <20 9.9 2 <.2 .49 

Fraction3 27.8 .05 272 .09 2.0 328 50.8 .53 26.8 1.7 <.2 .4 .77 

Residual 816 1.2 6,690 1.91 13.1 4,810 16,500 54.7 12,900 289 3.2 <.2 1.03 

LR-6 Fraction1 121 .08 14,100 .006 .6 4,470 147 .49 90.7 27.0 .9 <.2 .34 

Fraction2 124 .07 14,600 .006 .5 4,530 150 .48 26.9 26.2 .8 <.2 .33 

Fraction3 15.6 .06 785 .08 1.2 423 37.7 .44 <20 2.1 .3 .4 1.16 

Residual 819 1.0 8,360 1.34 10.6 4,250 17,700 48.0 14,200 305 5.5 <.2 1.32 

LR-7 Fraction1 477 .2 17,500 .09 3.1 1,170 785 2.95 554 95.1 3 .2 1.04 

Fraction2 482 .2 17,600 .08 3.0 1,150 835 2.94 503 91.3 3 <.2 1.01 

Fraction3 454 .3 17,500 .20 3.8 1,420 890 3.78 483 65.8 2 1.2 1.24 

Residual 727 .5 20,200 .55 5.8 1,860 7,200 17.4 5,360 201 5.1 .8 1.28 

SA-8 Fraction1 28.7 .1 3,580 <.004 .2 471 74.0 .14 29.5 15.6 .8 <.2 .10 

Fraction2 67.6 .2 3,170 .14 1.4 1,090 116 .62 <20 27.8 2 <.2 .72 

Fraction3 16.0 .06 410 .06 2.4 697 85.0 .41 43.4 7.7 <.2 .4 .71 

Residual 661 1.1 6,320 3.93 22.7 7,120 20,200 63.6 13,500 277 3 <.2 .84 

   Reporting limit 0.04 0.01 40 0.004 .2 2 6 0.002 20 0.1 0.2 0.2 0.02
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Table 18.  Concentration of metals from selective extraction fractions of composite sediment samples.

[All concentrations are in micrograms per gram. Extractant: Fraction 1 extractant, 0.11 M Acetic Acid; Fraction 2 extractant, 0.5M Hydroxylamine 
hydrochloride; Fraction 3 extractant, 30 percent hydrogen peroxide followed with 1.0 M ammonium acetate. Abbreviations: M, molar. Symbol: <, less than]

Site 
identifier

Extractant
Alumi- 

num
Antimony Bismuth Cadmium Chromium Cobalt Copper Gallium

Germa- 
nium

Iron

LR-1 Fraction1 29 <0.06 <0.04 0.16 0.3 0.49 0.4 <0.01 <0.01 61
Fraction2 338 <.06 .05 .06 <.2 .59 1.1 .10 <.01 859
Fraction3 139 <.06 <.04 .02 2.4 .22 .2 .01 <.01 83
Residual 29,900 .39 .09 .02 29.3 3.58 7.4 13.7 1.0 18,200

LR-2 Fraction1 96 <.06 <.04 2.44 .4 3.36 10.7 .04 .01 1,580
Fraction2 2,780 .07 .21 2.86 3.8 3.51 25.4 .50 .04 7,770
Fraction3 943 <.06 <.04 .73 7.2 1.23 6.0 .10 .02 407
Residual 25,900 3.08 .35 .11 81.5 7.72 33.7 17.8 1.1 30,500

LR-3 Fraction1 107 <.06 <.04 3.93 .3 2.25 8.4 .03 <.01 94
Fraction2 2,110 .20 .24 1.76 3.4 3.47 20.1 .53 .04 6,750
Fraction3 508 <.06 <.04 .24 7.1 .82 5.2 .08 .01 328
Residual 20,500 1.66 .23 .20 44.5 6.67 27.0 15.4 .70 22,800

LR-4 Fraction1 46 .20 <.04 .11 .3 .46 .80 <.01 <.01 12
Fraction2 378 <.06 <.04 .04 .3 .54 1.7 .20 <.01 769
Fraction3 208 <.06 <.04 .02 3.0 .25 .4 .02 <.01 77
Residual 13,600 .10 .05 .04 68.0 3.87 7.4 12.1 .43 13,400

LR-5 Fraction1 58 .21 <.04 1.89 .6 .80 15.2 <.01 .06 910
Fraction2 1,300 .25 .16 .73 2.9 1.98 23.0 .40 .05 5,960
Fraction3 568 .06 <.04 .64 4.5 .64 15.3 .03 <.01 893
Residual 23,900 2.26 .16 .25 22.7 3.42 11.0 10.9 1.8 15,700

LR-6 Fraction1 404 1.42 <.04 .79 2.2 3.05 18.4 .03 1.2 6,920
Fraction2 403 1.51 <.04 .80 1.7 3.14 18.8 .03 1.2 7,140
Fraction3 704 .63 <.04 1.37 4.9 1.07 200 .20 .08 1,730
Residual 19,100 25.3 0.30 .76 38.6 4.34 16.9 12.6 4.2 18,600

LR-7 Fraction1 1,680 6.01 <.04 .10 8.2 15.3 2.4 1.4 9.1 39,500
Fraction2 1,660 6.24 <.04 .10 7.7 15.7 2.4 1.4 9.2 40,100
Fraction3 5,650 4.55 <.04 .34 29.8 13.8 389 3.1 10.3 47,200
Residual 6,350 23.0 .06 .06 58.6 16.5 1,590 19.6 6.2 73,100

SA-8 Fraction1 36 <.06 <.04 .17 .3 1.80 1.2 <.01 <.01 756
Fraction2 2,380 <.06 .08 .18 2.4 2.45 4.6 .58 .02 4,010
Fraction3 508 <.06 <.04 .03 6.3 .90 1.5 .06 .01 335
Residual 20,800 .36 .17 .03 53.5 6.23 16.3 15.6 .58 23,300

   Reporting limit 0.4 0.06 0.04 0.004 0.2 0.004 0.1 0.01 0.01 10
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Site 
identifier

Extractant Lead
Man- 

ganese
Molyb-
denum

Nickel Silver Thallium Vanadium Zinc

LR-1 Fraction1 0.3 84.7 <0.4 0.3 <0.6 <0.02 0.1 9.6 
Fraction2 4.0 41.0 <.4 .5 <.6 .04 .9 9.9 
Fraction3 .4 8.8 <.4 .6 <.6 <.02 2.2 2.5 
Residual 8.0 131 <.4 11.6 <.6 .50 36.7 37.1 

LR-2 Fraction1 21.7 1,180 <.4 3.2 <.6 .07 .9 292 
Fraction2 184 422 <.4 5.1 <.6 .53 10.6 272 
Fraction3 8.8 53.5 <.4 4.3 <.6 .10 1.6 36.0 
Residual 14.5 217 0.87 25.6 .66 .70 91.9 123 

LR-3 Fraction1 38.4 777 <.4 2.7 <.6 .05 .1 198 
Fraction2 306 324 <.4 5.3 <.6 .40 7.8 364 
Fraction3 12.5 34.9 <.4 3.4 <.6 .08 3.8 39.9 
Residual 18.6 176 <.4 12.5 <.6 .76 61.4 132 

LR-4 Fraction1 .4 80.5 <.4 .6 <.6 <.02 .1 6.7 
Fraction2 4.4 39.4 <.4 .8 <.6 <.02 1.3 6.3 
Fraction3 .3 9.5 <.4 1.0 <.6 <.02 3.4 2.7 
Residual 8.3 145 <.4 38.5 <.6 .4 27.9 31.1 

LR-5 Fraction1 30.4 104 <.4 1.1 <.6 .02 .3 187 
Fraction2 145 63.2 <.4 3.0 <.6 .10 7.0 331 
Fraction3 11.2 16.1 <.4 2.2 <.6 .04 .9 118 
Residual 15.5 182 .83 14.5 <.6 .40 45.5 102 

LR-6 Fraction1 30.3 280 <.4 .8 <.6 <.02 .5 905 
Fraction2 30.6 289 <.4 .8 <.6 <.02 .4 932 
Fraction3 42.7 36.6 .68 2.7 <.6 .06 1.1 415 
Residual 28.2 238 6.30 3.7 .99 .40 46.6 320 

LR-7 Fraction1 19.0 1,190 4.52 .9 <.6 <.02 3.7 4,260 
Fraction2 19.2 1,210 4.53 .9 <.6 <.02 3.6 4,280 
Fraction3 174 1,110 1.22 3.6 <.6 <.02 7.4 4,550 
Residual 216 341 2.31 <.08 3.70 .10 24.1 4,900 

SA-8 Fraction1 0.3 182 <.4 2.2 <.6 <.02 1.1 11.6 
Fraction2 9.8 99.6 <.4 3.7 <.6 .04 6.1 22.3 
Fraction3 0.9 25.8 <.4 2.6 <.6 <.02 3.2 5.8 
Residual 8.2 206 .39 21.8 <.6 .50 43.1 57.6 

   Reporting limit 0.01 0.04 0.4 .08 0.6 0.02 0.1 0.1

Table 18.  Concentration of metals from selective extraction fractions of composite sediment samples.—Continued

[All concentrations are in micrograms per gram. Extractant: Fraction 1 extractant, 0.11 M Acetic Acid; Fraction 2 extractant, 0.5M Hydroxylamine 
hydrochloride; Fraction 3 extractant, 30 percent hydrogen peroxide followed with 1.0 M ammonium acetate. Abbreviations: M, molar. Symbol: <, less than]
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Site 
identifier

Source of  
reservoir  

water

Water column Porewater samples Comments

Surface Bottom Number of 
porewater 

samples from 
individual cores

Number of 
composite 
porewater 

samples from 
multiple cores

temp. pH temp. pH

LR-1 From draining box core 20.1 7.9 19.7 7.9 1 1

LR-2 From sealed box core 19.0 – 19.5 8.1 3 0

LR-3 From sealed box core 17.7 8.0 17.8 8.1 4 0

LR-4 From draining box core 16.8 8.2 16.6 8.1 2 3

LR-4A – – – – – 1 0 Incubation site.

LR-5 – – – – – 5 0

LR-5A Surface water 14.8 8.4 – – 1 0 Incubation site.

LR-6 From sealed box core 15.2 8.3 – – 5 0

LR-7 Surface water – – – – 0 2

SA-8 From sealed box core 19.2 – 17.9 – 4 0

Table 19.  Source of reservoir water, water column properties, and compositing data of porewater samples.

[Abbreviations: temp., temperature; –, not collected or analyzed]
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Table 20.  Concentrations of alkali and alkaline earth elements and non-metals in reservoir water from Lake Roosevelt.

[Concentrations are in micrograms per liter unless otherwise indicated. Abbreviations: mg/L, milligram per liter. Symbol: <, less than]

Site 
identifier

Sample 
identifier

 
Collection 

method

Alkali and Alkaline Earth Elements

Barium Beryllium
Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Sodium 
(mg/L)

Rubi-
dium

Stron-
tium

Samples taken from a draining box corer

LR-1 LR-1 Draining 30.5 <0.05 18.5 <0.02 5 4.3 0.92 1.75 0.82 98
LR-4 LR-4 Draining 26.7 <.05 18.2 <.02 <4.5 4.26 .73 1.77 .89 93

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed 24.8 <0.05 18.0 <0.02 <4.5 4.38 0.72 1.75 0.89 98
LR-3 LR-3 Sealed 25.4 <.05 17.7 <.02 <4.5 4.36 .72 1.74 .89 94
LR-4A LR-4A Sealed 26.2 <.05 16.9 <.02 <4.5 4.01 .83 1.59 .95 87
LR-6 LR-6 Sealed 33.8 <.05 16.7 <.02 <4.5 4.13 .82 1.89 .82 75
SA-8 SA-8  Sealed 25.3 <.05 17.8 <.02 <4.5 4.34 .84 2.20 .80 100

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface 28.2 <0.05 17.1 <0.02 <4.5 4.12 0.8 1.64 0.86 83
LR-7 LR-7 Surface 34.9 < .05 17.3 < .02 <4.5 4.25 .76 1.87 .80 75

LR-7R Surface 33.8 < .05 16.7 < .02 <4.5 4.13 .82 1.89 .82 75

   Reporting limit 1 0.05 1.0 0.02 4.5 0.05 0.15 0.5 0.05 2.5

Site 
identifier

Sample 
identifier

 
Collection 

method

Non-Metals

Arsenic
Phos-

phorus 
(mg/L)

Selenium
Silica 
(mg/L)

Sulfate 
(mg/L)

Samples taken from a draining box corer

LR-1 LR1 Draining <1 <0.05 <5 3.5 25
LR-4 LR-4 Draining <1 <.05 <5 3.2 <10

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed <1 <0.05 <5 3.0 <10
LR-3 LR-3 Sealed <1 <.05 <5 2.9 <10
LR-4A LR-4A Sealed <1 <.05 <5 2.5 31
LR-6 LR-6 Sealed <1 <.05 <5 3.1 31
SA-8 SA-8  Sealed 2 <.05 <5 4.9 14

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface <1 <0.05 <5 2.9 33
LR-7 LR-7 Surface < 1 <.05 <5 3.3 25

LR-7R Surface < 1 .05 <5 3.1 31

   Reporting limit 1 .05 5 1 10
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Table 21.  Concentrations of metals in reservoir water from Lake Roosevelt.

[All concentrations are in micrograms per liter. Abbreviations: OTL, outlier (see table 8). Symbol: <, less than]

Site 
identifier

Sample 
identifier

Metals

Collection 
method 

Alumi-
num

Anti-
mony

Bismuth
Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

nium
Iron Lead

Manga-
nese

Molyb-
denum

Samples taken from a draining box corer

LR-1 LR-1 Draining 18.7 <0.3 <0.2 <0.1 <5 <0.1 1.3 <0.05 <0.25 <250 0.5 17.8 <2
LR-4 LR-4 Draining 17.9 <.3 <.2 <.1 <5 <.1 <.5 <.05 <.25 <250 <.25 13.5 <2

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed 13.5 <0.3 <0.2 <0.1 <5 <0.1 <0.5 <0.05 <0.25 <250 0.94 <5 <2
LR-3 LR-3 Sealed 15.0 <.3 <.2 <.1 <5 .37 <.5 <.05 <.25 <250 2.4 <5 <2

LR-4A LR-4A Sealed 15.2 <.3 <.2 <.1 <5 .11 .84 <.05 <.25 <250 .64 <5 <2

LR-6 LR-6 Sealed 12.9 <.3 <.2 <.1 <5 <.1 1.0 <.05 <.25 <250 .3 <5 <2

SA-8 SA-8  Sealed 21.5 .4 <.2 <.1 <5 <.1 <.5 <.05 <.25 <250 5.5 13.1 <2

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface 11.5 .46 <0.2 <0.1 <5 <0.1 0.51 <0.05 <0.25 <250 <0.25 <5 <2
LR-7 LR-7 Surface 10.4 < .3 <.2 .11 <5 .11 .99 < .05 <.25 <250 <.25 <5 <2

LR-7R Surface 12.9 .3 <.2 <.1 <5 <.1 1.01 < .05 <.25 <250 .3 <5 2

   Reporting limit 10 0.3 0.2 0.1 5 0.1 0.5 0.05 0.25 250 0.25 5 2

Site 
identifier

Sample 
identifier

Metals

Collection 
method

Nickel Niobium
Scan-
dium

Silver
Tanta-

lum
Thal-
lium

Tita-
nium

Tung-
sten

Vana-
dium

Yttrium Zinc
Zirco-
nium

Samples taken from a draining box corer

LR-1 LR-1 Draining OTL <1 <3 <15 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 <2.5 <1
LR-4 LR-4 Draining <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 <2.5 <1

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed <0.4 <1 <3 <15 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 2.8 <1
LR-3 LR-3 Sealed <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 <2.5 <1

LR-4A LR-4A Sealed 0.6 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 3.6 <1

LR-6 LR-6 Sealed <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 <2.5 <1

SA-8 SA-8  Sealed <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 3.6 <1

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface <0.4 <1 <3 <15 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 <2.5 <1
LR-7 LR-7 Surface < 0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 <2.5 <1

LR-7R Surface < 0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 <2.5 <1

   Reporting limit 0.4 1 3 15 0.1 0.2 2.5 0.5 2.5 0.05 2.5 1
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Table 22.  Concentrations of lanthanide and actinide elements in reservoir water from Lake Roosevelt.

[All concentrations are in microgram per liter; Symbol: <, less than]

Site 
identifier

Sample 
identifier

Collected 
method 

units 
Cerium Dysprosium Erbium Europium Gadolinium Holmium Lanthanum Lutetium

Samples taken from a draining box corer

LR-1 LR-1 Draining <0.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-4 LR-4 Draining <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed <0.05 <0.04 <0.025 <0.025 <0.025 <.025 <0.1 <0.5
LR-3 LR-3 Sealed <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5
LR-4A LR-4A Sealed <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5
LR-6 LR-6 Sealed <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5
SA-8 SA-8  Sealed <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface <0.05 <0.04 <0.025 <0.025 <0.025 <.025 <0.1 <0.5
LR-7 LR-7 Surface <.05 <.04 .03 <.025 <.025 <.025 <.1 <.5

LR-7R Surface <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

   Reporting limit 0.05 0.04 0.025 0.025 0.025 .025 0.1 0.5

Site 
identifier

Sample 
identifier

Collected 
method 

units 
Neodymium

Praseo-
dymium

Samarium Terbium Thorium Thulium Uranium Ytterbium

Samples taken from a draining box corer

LR-1 LR-1 Draining <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
LR-4 LR-4 Draining <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

Samples taken from water overlying sediment from a box corer that sealed

LR-2 LR-2 Sealed <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
LR-3 LR-3 Sealed <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
LR-4A LR-4A Sealed <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
LR-6 LR-6 Sealed <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
SA-8 SA-8  Sealed <.05 <.05 <.09 <.1 <1 <.045 .57 <.025

Samples taken near lake surface from side of boat

LR-5A LR-5A Surface <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
LR-7 LR-7 Surface <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-7R Surface <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

   Reporting limit 0.05 0.05 0.09 0.1 1 0.045 0.5 0.025
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Table 23.  Concentrations of alkali and alkaline earth elements and non-metals in the porewater of Lake Roosevelt sediments.

[Concentrations are in micrograms per liter unless otherwise indicated. Identifier: multiple letter (A through I) indicates compositing of samples  
from multiple sediment cores; PW, porewater. Abbreviations: mg/L, milligrams per liter. Symbol: <, less than]

Site 
identifier

Number 
of cores

Identi-
fier

Alkali and alkalineearth elements

Barium
Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi-
dium

Sodium 
(mg/L)

Stron-
tium

LR-1 1 B 54.6 <0.05 23.7 0.05 <4.5 5.17 1.61 2.76 2.85 114
3 ACD 65.1 <.05 32.0 .03 <4.5 5.66 1.44 2.08 2.29 130

LR-2 1 B 60.0 <.05 20.3 .06 <4.5 4.84 1.51 2.88 2.05 106
1 C 57.5 <.05 20.2 .06 <4.5 4.94 1.58 3.12 2.03 111
1 D 53.5 <.05 18.3 .06 <4.5 4.34 1.41 2.84 1.99 102

LR-3 1 A 70.0 <.05 17.0 .04 <4.5 4.16 1.10 2.40 1.79 92.0
1 C 51.6 <.05 17.5 <.02 <4.5 4.38 1.06 1.60 1.90 90.9
1 D 57.8 <.05 18.3 .03 <4.5 4.39 1.18 2.32 1.98 97.3
1 E 43.1 <.05 16.3 .03 <4.5 3.89 1.04 1.70 1.81 90.0

LR-4 2 DF 50.4 <.05 29.6 <.02 <4.5 5.43 1.14 1.58 2.00 142
1 I 44.3 <.05 25.1 .03 5 5.05 1.05 1.31 1.90 118
2 BE 57.2 <.05 27.3 .03 <4.5 4.99 1.35 2.25 2.09 129
1 G 55.3 <.05 25.0 .03 <4.5 4.73 1.18 2.24 1.96 122
2 CH 46.8 <.05 25.4 <.02 <4.5 4.68 1.10 1.69 1.87 121

LR-4A 1 PW 74.0 <.05 17.8 .07 <4.5 4.02 1.23 2.40 1.97 98.6

LR-5 1 A 193 <.05 46.2 .05 <4.5 5.42 2.15 4.47 2.38 150
1 B 138 <.05 36.5 .04 5.2 8.05 1.60 3.00 2.48 156
1 C 129 <.05 46.2 .07 <4.5 9.72 1.68 3.69 2.55 176
1 D 141 <.05 36.6 .07 5.4 8.34 1.72 3.63 2.42 149
1 E 126 <.05 46.2 .08 <4.5 10.4 1.74 4.29 2.33 186

LR-5A 1 PW 77.7 <.05 29.4 .07 <4.5 7.29 1.29 2.54 2.45 144

LR-6 1 A 78 <.05 19.2 .06 <4.5 3.74 1.25 2.05 2.02 91.0
1 B 104 <.05 25.4 .10 <4.5 4.30 1.74 3.21 2.23 117
1 C 117 <.05 26.4 .10 5.2 4.61 2.00 3.62 2.30 118
1 D 96.4 <.05 26.2 .08 5.2 4.76 1.82 3.23 2.28 120
1 E 103 <.05 23.3 .08 <4.5 4.38 1.74 2.74 2.26 117

LR-7 4 CEDF 43.6 .06 20.5 .04 <4.5 4.35 1.05 1.40 2.39 101
2 AB 44.0 <.05 20.8 <.02 <4.5 4.49 1.04 1.25 2.17 97.0

SA-8 1 A 27.2 <.05 27.2 <.02 7.3 6.36 1.54 1.53 2.90 148
1 B 38.8 <.05 22.8 .03 4.8 5.54 1.34 1.93 2.26 119
1 C 26.4 <.05 25.4 .03 <4.5 5.95 1.47 1.90 2.64 131
1 D 31.3 <.05 22.9 .04 <4.5 5.47 1.40 1.72 2.66 120

   Reporting limit 1 0.05 1.0 0.02 4.5 0.02 0.50 0.05 0.05 2.5
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Site 
identifier

Number 
of cores

Identi- 
fier

Non-metals

Arsenic
Phos- 

phorus 
(mg/L)

Selenium
Silica 
(mg/L)

Sulfate 
(mg/L)

LR-1 1 B 2.0 0.09 <5 15.4 17
3 ACD 2.0 .1 <5 10.6 12

LR-2 1 B 13.3 .2 <5 34.4 <10
1 C 11.5 .3 <5 39.7 <10
1 D 5.7 .1 <5 31.4 <10

LR-3 1 A 3.5 .06 <5 28.3 <10
1 C 2.0 <.05 <5 23.0 <10
1 D <1 <.05 <5 23.9 <10
1 E <1 <.05 <5 23.6 <10

LR-4 2 DF 2.0 .09 <5 19.3 <10
1 I 2.0 .07 <5 17.9 <10
2 BE 3.2 .1 <5 23.1 <10
1 G 2.0 .07 <5 21.7 <10
2 CH 2.0 .1 <5 19.2 <10

LR-4A 1 PW 6.2 .09 <5 34.6 <10

LR-5 1 A 5.7 <.05 <5 27.2 <10
1 B 3.2 <.05 <5 24.2 12
1 C 8.4 <.05 <5 31.8 15
1 D 7.3 .09 <5 34.5 <10
1 E 12.2 .1 <5 33.4 <10

LR-5A 1 PW 7.6 .3 <5 35.8 <10

LR-6 1 A 3.0 <.05 <5 18.0 <10
1 B 4.0 <.05 <5 25.1 <10
1 C 4.2 .06 <5 21.7 <10
1 D 3.3 <.05 <5 21.3 <10
1 E 3.3 .06 <5 20.2 <10

LR-7 4 CEDF <1 .06 <5 5.4 11
2 AB <1 <.05 <5 4.6 <10

SA-8 1 A 22.5 1.5 <5 34.5 <10
1 B 17.8 0.3 <5 32.6 <10
1 C 27.4 1.8 <5 34.3 <10
1 D 19.1 1.0 <5 32.2 <10

   Reporting limit 1 0.05 5 1 10

Table 23.  Concentrations of alkali and alkaline earth elements and non-metals in the porewater of Lake Roosevelt sediments.—
Continued

[Concentrations are in micrograms per liter unless otherwise indicated. Identifier: multiple letter (A through I) indicates compositing of samples  
from multiple sediment cores; PW, porewater. Abbreviations: mg/L, milligram per liter. Symbol: <, less than]
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Table 24.  Concentrations of metals in the porewater of Lake Roosevelt sediments.

[All concentrations are in micrograms per liter. Identifier: multiple letter (A through I) indicates compositing of samples from multiple sediment cores;  
PW, porewater. Symbol: <, less than]

Site 
identifier

Number 
of cores

Identi-
fier

Metals

Alumi- 
num

Anti- 
mony

Bis- 
muth

Cad- 
mium

Chro- 
mium

Cobalt Copper
Gal- 
lium

Germa- 
nium

Iron Lead
Man-

ganese
Molyb-
denum

LR-1 1 B 174 0.5 <0.2 0.37 <5 0.21 3.2 0.08 <0.25 <250 1.6 11.6 <2
3 ACD 139 .6 <.2 .31 <5 .11 1.6 .06 <.25 <250 .9 16.6 <2

LR-2 1 B 39.8 1.1 <.2 <.1 <5 1.26 8.5 .10 <.25 <250 3.0 4,080 2.7
1 C 40.4 .5 <.2 <.1 <5 .68 .7 .10 <.25 <250 .8 6,500 3.7
1 D 34.0 .7 <.2 <.1 <5 .67 .8 .10 <.25 <250 .6 5,580 2.8

LR-3 1 A 72.9 .6 <.2 .21 <5 .70 1.0 .08 <.25 <250 6.6 3,410 <2
1 C 114 .5 <.2 .39 <5 .23 1.8 <.05 <.25 <250 5.2 473 <2
1 D 100 .6 <.2 .97 <5 .31 2.9 .07 <.25 <250 2.4 1,270 <2
1 E 67.4 .3 <.2 .56 <5 .12 1.9 <.05 <.25 <250 1.0 428 <2

LR-4 2 DF 167 .4 <.2 <.1 <5 <.1 1.1 <.05 <.25 <250 .8 20.7 <2
1 I 206 .4 <.2 <.1 <5 <.1 1.4 <.05 <.25 <250 1.0 6.8 <2
2 BE 210 .7 <.2 .18 <5 .18 1.9 <.05 <.25 <250 1.5 280 <2
1 G 196 .7 <.2 .20 <5 .17 2.1 .08 <.25 <250 1.4 102 <2
2 CH 164 .3 <.2 .14 <5 1.54 1.6 .06 <.25 <250 1.2 197 <2

LR-4A 1 PW 51.3 .4 <.2 <.1 <5 .84 <.5 .09 <.25 266 1.9 3,240 <2

LR-5 1 A 18.3 2.9 <.2 <.1 <5 .25 1.0 <.05 <.25 <250 4.4 506 10.5
1 B 20.7 .5 <.2 .13 <5 .55 .5 <.05 <.25 <250 2.0 922 2.6
1 C 32.3 .6 <.2 <.1 <5 .59 1.1 <.05 <.25 750 3.2 958 2.9
1 D 17.4 .3 <.2 <.1 <5 .68 .6 <.05 <.25 3,680 4.8 1,160 2.4
1 E 14.6 .5 <.2 .11 <5 1.01 <.5 <.05 <.25 1,360 1.2 1,360 5.3

LR-5A 1 PW 21.9 <.3 <.2 <.1 <5 .55 <.5 <.05 <.25 3,020 2.4 1,210 <2

LR-6 1 A 22.0 1.9 <.2 <.1 <5 .45 .9 <.05 .45 <250 2.6 396 <2
1 B 28.2 2.5 <.2 <.1 <5 .62 1.9 <.05 .64 <250 5.3 407 2.8
1 C 31.3 3.1 <.2 <.1 <5 .51 3.4 .06 .82 <250 4.9 423 3.0
1 D 19.0 1.4 <.2 <.1 <5 .48 1.4 <.05 .42 <250 3.2 538 5.2
1 E 26.9 3.0 <.2 <.1 <5 1.09 3.0 <.05 .54 <250 5.8 353 2.4

LR-7 4 CEDF 54.3 7.3 <.2 <.1 <5 .18 8.1 .10 <.25 <250 2.7 <5 <2
2 AB 47.2 4.4 <.2 <.1 <5 <.1 10.2 .09 <.25 <250 2.6 <5 <2

SA-8 2 A 95.8 <.3 <.2 <.1 <5 .63 <.5 .06 <.25 2,150 .3 910 <2
1 B 130 .3 <.2 <.1 <5 .80 <.5 .08 <.25 <250 .4 2,200 2.7
1 C 240 <.3 <.2 <.1 <5 .63 <.5 .08 <.25 1,430 .7 1,010 <2
1 D 446 <.3 <.2 <.1 <5 .62 .6 .10 <.25 1,040 1.0 803 <2

   Reporting limit 15 0.3 0.2 0.1 5 0.10 0.5 0.05 0.25 250 0.25 5 2
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Site 
No.

Number 
of cores

Identi-
fier

Metals

Nickel
Nio-
bium

Scan-
dium

Silver
Tan-

talum
Thal-
lium

Tita-
nium

Tung-
sten

Vana-
dium

Yttrium Zinc
Zirco-
nium

LR-1 1 B 6.0 <1 <3 <15 0.2 <0.2 4.2 <0.5 2.7 0.21 16.8 <1
3 ACD 2.9 <1 <3 <15 <.1 <.2 3.4 <.5 <2.5 .21 11.0 <1

LR-2 1 B 1.7 <1 3.5 <15 <.1 <.2 <2.5 1.3 <2.5 .12 6.1 <1
1 C 1.3 <1 4.5 <15 <.1 <.2 <2.5 .6 <2.5 .13 6.8 <1
1 D .9 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .10 7.5 <1

LR-3 1 A 0.9 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .20 8.9 <1
1 C 6.0 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .23 13.4 <1
1 D 1.0 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .24 15.3 <1
1 E .7 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .14 13.3 <1

LR-4 2 DF 0.5 <1 <3 <15 <.1 <.2 2.9 <.5 <2.5 .20 <2.5 <1
1 I <.4 <1 <3 <15 <.1 <.2 5.4 <.5 <2.5 .26 2.8 <1
2 BE .8 <1 <3 <15 <.1 <.2 4.3 <.5 7.4 .33 <2.5 <1
1 G .6 <1 <3 <15 <.1 <.2 3.4 <.5 3.7 .27 3.2 <1
2 CH .5 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .28 2.7 <1

LR-4A PW 0.6 <1 3.1 <15 <.1 <.2 <2.5 <.5 <2.5 .19 4.7 <1

LR-5 1 A <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .07 4.4 <1
1 B 1.2 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .09 16.6 <1
1 C .9 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .17 14.8 <1
1 D 1.0 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .14 10.6 <1
1 E 1.4 <1 3.1 <15 <.1 <.2 <2.5 .5 <2.5 .20 7.0 <1

LR-5A 1 PW 0.5 <1 3.3 <15 <.1 <.2 <2.5 .6 <2.5 .16 3.3 <1

LR-6 1 A <0.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 7.3 <1
1 B .7 <1 <3 <15 <.1 <.2 <2.5 .5 <2.5 .10 21.3 <1
1 C <.4 <1 <3 <15 <.1 <.2 <2.5 1.1 <2.5 .10 16.0 <1
1 D <.4 <1 <3 <15 <.1 <.2 <2.5 .6 <2.5 .06 12.5 <1
1 E .5 <1 <3 <15 <.1 <.2 <2.5 .8 <2.5 .09 11.6 <1

LR-7 4 CEDF 5.5 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .08 14.8 <1
2 AB <.4 <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .07 22.8 <1

SA-8 2 A 0.8 <1 <3 <15 <.1 <.2 3.1 <.5 <2.5 .17 <2.5 <1
1 B 2.4 <1 <3 <15 <.1 <.2 6.1 <.5 <2.5 .19 3.1 <1
1 C 2.8 <1 3.2 <15 <.1 <.2 6.0 <.5 <2.5 .30 5.5 <1
1 D .8 <1 <3 <15 <.1 <.2 9.7 <.5 <2.5 .43 4.4 <1

   Reporting limit 0.4 1 3 15 0.1 0.2 2.5 0.5 2.5 0.05 2.5 1

Table 24.  Concentrations of metals in the porewater of Lake Roosevelt sediments.—Continued

[All concentrations are in micrograms per liter. Identifier: multiple letter (A through I) indicates compositing of samples from multiple sediment cores;  
pw, porewater. Symbol: <, less than]
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Table 25.  Concentrations of lanthanide and actinide elements in the porewater of Lake Roosevelt sediments.

[All concentrations are in micrograms per liter. Identifider: multiple letter (A through I) indicates compositing of samples from multiple sediment  
cores; PW, porewater. Symbol: <, less than]

Site 
identifier

Number 
of cores

Identi-
fier

Cerium
Dyspro- 

sium
Erbium Europium

Gado- 
linium

Holmium
Lantha- 

num
Lutetium

LR-1 1 B 0.39 <0.04 <0.025 <0.025 0.03 <0.025 0.2 <0.5
3 ACD .36 <.04 <.025 <.025 .03 <.025 .2 <.5

LR-2 1 B .11 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 C .14 <.04 <.025 <.025 .04 <.025 .1 <.5
1 D .12 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3 1 A .22 <.04 <.025 <.025 .04 <.025 .2 <.5
1 C .21 .06 <.025 <.025 .04 <.025 .3 <.5
1 D .26 <.04 <.025 <.025 .06 <.025 .3 <.5
1 E .14 <.04 <.025 <.025 <.025 <.025 .1 <.5

LR-4 2 DF .39 <.04 <.025 <.025 <.025 <.025 .3 <.5
1 I .48 <.04 <.025 <.025 .08 <.025 .3 <.5
2 BE .83 .08 0.053 <.025 .10 <.025 .5 <.5
1 G .63 .09 0.03 <.025 .06 <.025 .4 <.5
2 CH .64 .06 <.025 <.025 .09 <.025 .4 <.5

LR-4A 1 PW .38 <.04 <.025 <.025 .07 <.025 .3 <.5

LR-5 1 A <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 B .08 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 C .14 <.04 <.025 <.025 <.025 <.025 .1 <.5
1 D .08 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 E .09 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-5A 1 PW .19 <.04 <.025 <.025 .03 <.025 .1 <.5

LR-6 1 A .07 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 B .15 <.04 <.025 .03 <.025 <.025 <.1 <.5
1 C .15 <.04 <.025 .04 <.025 <.025 <.1 <.5
1 D .07 <.04 <.025 <.025 <.025 <.025 <.1 <.5
1 E .14 <.04 <.025 <.025 <.025 <.025 .1 <.5

LR-7 4 CEDF .12 <.04 <.025 <.025 <.025 <.025 <.1 <.5
2 AB .24 <.04 <.025 <.025 .03 <.025 .2 <.5

SA-8 2 A .33 .06 <.025 <.025 .04 <.025 .2 <.5
1 B .40 .05 <.025 <.025 .06 <.025 .2 <.5
1 C .63 <.04 .03 <.025 .09 <.025 .3 <.5
1 D 1.07 .09 .051 .03 .07 <.025 .6 <.5

   Reporting limit 0.05 0.04 0.025 0.025 0.025 0.025 0.1 0.5

 

58    Concentrations of Elements in Sediments from Lake Roosevelt, Washington, September 2004



Site 
identifier

Number  
of cores

Identi- 
fier

Neody- 
mium

Praseo- 
dymium

Sama-
rium

Terbium Thorium Thulium Uranium Ytterbium

LR-1 1 B 0.18 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
3 ACD .20 .06 <.09 <.1 <1 <.045 .6 .03

LR-2 1 B <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 C <.05 <.05 <.09 <.1 <1 <.045 .5 .05
1 D <.05 <.05 <.09 <.1 <1 <.045 <.5 .04

LR-3 1 A .16 <.05 <.09 <.1 <1 <.045 <.5 .03
1 C .24 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 D .21 <.05 <.09 <.1 <1 <.045 <.5 .03
1 E .08 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-4 2 DF .16 .06 <.09 <.1 <1 <.045 .9 .04
1 I .24 .08 <.09 <.1 <1 <.045 .6 .06
2 BE .44 .11 0.10 <.1 <1 <.045 .6 .05
1 G .37 .10 <.09 <.1 <1 <.045 <.5 .05
2 CH .26 .09 <.09 <.1 <1 <.045 <.5 .04

LR-4A PW .23 .06 <.09 <.1 <1 <.045 <.5 .05

LR-5 1 A <.05 <.05 <.09 <.1 <1 <.045 3.1 <.025
1 B <.05 <.05 <.09 <.1 <1 <.045 .9 <.025
1 C .11 <.05 <.09 <.1 <1 <.045 1.4 .03
1 D .06 <.05 <.09 <.1 <1 <.045 .6 <.025
1 E .12 <.05 <.09 <.1 <1 <.045 1.6 .04

LR-5A 1 PW .09 <.05 <.09 <.1 <1 <.045 <.5 .03

LR-6 1 A <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 B .10 <.05 <.09 <.1 <1 <.045 <.5 .03
1 C <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 D <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 E .08 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-7 4 CEDF .06 <.05 <.09 <.1 <1 <.045 <.5 <.025
2 AB .09 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8 2 A .16 <.05 <.09 <.1 <1 <.045 <.5 <.025
1 B .27 <.05 <.09 <.1 <1 <.045 .5 <.025
1 C .37 .09 <.09 <.1 <1 <.045 <.5 .03
1 D .55 .16 .19 <.1 <1 <.045 <.5 .05

    Reporting limit 0.05 0.05 0.09 0.1 1 0.045 0.5 .025

Table 25.  Concentrations of lanthanide and actinide elements in the porewater of Lake Roosevelt sediments.—Continued

[All concentrations are in micrograms per liter. Identifider: multiple letter (A through I) indicates compositing of samples from multiple sediment  
cores; PW, porewater. Symbol: <, less than]
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Site 
identi- 

fier

Collection and  
construction 

details

Thickness 
of

sediment
(cm)

Volume
of water

(mL)

pH of 
reservoir

water

Replacement 
water

Dissolved 
organic 
carbon 
(mg/L)

Core conditions at end 
of incubation experiment

LR-2 Intact sediment-water 
interface

9.7 164 7.67 From sealed 
core

32 0.5-cm fluffy brown surface layer over 
gray sediments.

LR-3 Intact sediment-water 
interface

8.1 377 7.76 From sealed 
core

19 Abundant macrofauna,  localized black 
reduced zone 2-3 cm deep.  Small 
amount of water may have leaked 
out bottom during experiment; 
spotty brown coloring on core liner 
below 3 cm.

LR-4A Intact sediment-water 
interface

12.3 226 7.54 From sealed 
core

27 Brownish gray surface layer 0.1-cm 
thick; spotty brown coloring on 
core liner below 4 cm.  Zooplankton 
present.

LR-5A Added surface water to  
6.6-cm diameter core  
with no overlying water

6.2 174 7.9 Site surface 
water

119 Surface brown layer 0.5- to 1.5-cm 
thick with oxidation on core liner.  
Gray silt layer from surface layer to 
4.2 cm.  Coarse grit material 4.7 to 
6.2 cm.

LR-6 Intact sediment-water 
interface

5.2 214 7.82 From sealed 
core

44 Gray fluff layer 1 cm thick with brown 
coloring on core liner over gray 
material.  Red oxidation film 2-3 cm 
on core liner.  Coarse grit material 
4.2 to 5.2 cm.

LR-7 Collected sediment in  
4.4-cm diameter core liner 
and dropped contents into 
pre-sealed 6.6 cm diameter 
core liner and added 
surface water 

3.0 183 7.84 Site surface 
water

15 No fluff layer.

LR-7R Collected sediment in  
4.4-cm diameter core liner 
and dropped contents 
into pre-sealed 6.6 cm 
diameter core liner and 
added surface water core 
liner not filled—5 cm of 
air above water

4.0 142 7.88 Site surface 
water

– No fluff layer.

SA-8 Intact sediment-water 
interface

8.6 382 7.62 Overlying 
water from 
1LR-2

25 0.4-cm brown layer over brownish 
gray.  Three burrow holes present.

1No replacement water collected at SA-8 site, and replacement water from nearby site LR-2 was used.

Table 26.  Description of incubation experiments using plastic acrylic core liners.

[Dissolved organic carbon from porewaters was analyzed from lower portion of the core (2 cm to bottom) at end of incubation experiment. Cross-sectional area 
of plastic acrylic core liners: 33.3 square centimeters. Abbreviations: cm, centimeter; mg/L, milligrams per liter; mL, milliliter. Symbols: –, not analyzed]
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Table 27.  Concentrations of alkali and alkaline earth elements and non-metals in water from incubation experiments using sediment 
cores from Lake Roosevelt.

[All concentrations in micrograms per liter unless otherwise indicated. Duration: time since beginning of experiment; R, replicate. Symbol: <, less than]

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-2 LR-2INC0 09-24-04 1917 0.05 25.7 <0.05 16.9 <0.02 <4.5 4.0 0.87 1.18 1.56 95
LR-2INC2 09-26-04 2006 2.09 25.8 <.05 18.4 <.02 4.7 4.3 .87 1.19 1.56 100

LR-2INC4 09-28-04 1020 3.68 26.0 <.05 18.6 <.02 <4.5 4.5 .91 1.34 1.62 103

LR-2INC8 10-02-04 1330 7.81 26.7 <.05 19.7 <.02 <4.5 4.6 1.26 1.36 1.65 105

LR-2INC18A 10-12-04 1040 17.69 26.9 <.05 20.9 <.02 <4.5 4.9 1.24 1.23 1.91 106

LR-2INC18B 10-12-04 1042 R 25.7 <.05 20.2 <.02 <4.5 4.9 1.12 1.27 1.81 105

LR-2INC40 11-03-04 1600 39.92 27.6 <.05 23.3 .06 <4.5 5.5 1.56 3.13 2.26 120

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-2 LR-2INC0 09-24-04 1917 0.05 <1 <0.05 <5 6.3 27
LR-2INC2 09-26-04 2006 2.09 <1 <.05 <5 14.1 22

LR-2INC4 09-28-04 1020 3.68 <1 <.05 <5 19.1 21

LR-2INC8 10-02-04 1330 7.81 2 .06 <5 27.1 21

LR-2INC18A 10-12-04 1040 17.69 <1 .07 <5 36.4 25

LR-2INC18B 10-12-04 1042 R 2 .06 <5 35.7 27

LR-2INC40 11-03-04 1600 39.92 2 .07 <5 45.0 25

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-3 LR-3INC0 09-23-04 1530 0.06 26.9 <0.05 16.2 <0.02 <4.5 4.0 0.76 0.90 1.53 87
LR-3INC2 09-25-04 1825 2.18 31.4 <.05 16.8 .03 <4.5 4.1 .86 1.65 1.53 92

LR-3INC4 09-27-04 1115 3.89 32.4 <.05 16.7 .04 <4.5 4.2 .84 2.18 1.62 92

LR-3INC9 10-02-04 1315 8.97 33.9 <.05 19.3 <.02 <4.5 4.6 1.06 2.46 1.63 101

LR-3INC19A 10-12-04 1050 18.87 31.4 <.05 22.2 <.02 <4.5 5.3 1.08 1.92 1.73 113

LR-3INC19B 10-12-04 1052 R 31.9 <.05 22.9 <.02 <4.5 5.5 1.08 1.88 1.68 116

LR-3INC41 11-03-04 1610 41.09 18.8 <.05 28.5 .06 <4.5 6.5 1.50 4.00 1.9 138

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-3 LR-3INC0 09-23-04 1530 0.06 <1 <0.05 <5 2.9 27
LR-3INC2 09-25-04 1825 2.18 <1 <.05 <5 5.6 26
LR-3INC4 09-27-04 1115 3.89 <1 <.05 <5 8.1 23

LR-3INC9 10-02-04 1315 8.97 <1 <.05 <5 16.4 24

LR-3INC19A 10-12-04 1050 18.87 <1 .08 <5 26.4 22

LR-3INC19B 10-12-04 1052 R <1 .08 <5 26.5 26

LR-3INC41 11-03-04 1610 41.09 <1 .08 <5 37.6 29
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Table 27.  Concentrations of alkali and alkaline earth elements and non-metals in water from incubation experiments using sediment 
cores from Lake Roosevelt.—Continued

[All concentrations in micrograms per liter unless otherwise indicated. Duration: time since beginning of experiment; R, replicate. Symbol: <, less than]

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-4A LR-4AINC0 09-25-04 1910 0.13 32.6 <0.05 17.4 0.05 <4.5 4.1 0.86 1.42 1.73 93
LR-4AINC2 09-27-04 1905 2.12 39.2 <.05 18.9 .05 <4.5 4.4 1.06 2.20 1.74 98

LR-4AINC4 09-29-04 1710 4.04 44.2 <.05 21.0 .07 <4.5 4.8 1.28 2.65 1.81 108

LR-4AINC9 10-04-04 1730 9.06 51.1 <.05 26.5 .08 <4.5 5.8 1.41 2.94 1.83 137

LR-4AINC17B 10-12-04 1100 16.79 34.6 <.05 28.2 .08 <4.5 6.4 1.53 3.06 2.05 144

LR-4AINC17A 10-12-04 1101 R 30.2 <.05 29.7 .08 <4.5 6.4 1.68 3.02 1.92 144

LR-4AINC39 11-03-04 1620 39.01 40.0 <.05 24.7 .12 <4.5 5.9 1.67 3.16 2.07 118

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-4A LR-4AINC0 09-25-04 1910 0.13 <1 <0.05 <5 6.0 26
LR-4AINC2 09-27-04 1905 2.12 <1 .08 <5 12.2 25

LR-4AINC4 09-29-04 1710 4.04 <1 .07 <5 17.1 18

LR-4AINC9 10-04-04 1730 9.06 4.7 .08 <5 28.2 22

LR-4AINC17A 10-12-04 1100 16.79 7.7 .10 <5 36.6 14

LR-4AINC17B 10-12-04 1101 R 7.2 .10 <5 36.6 21

LR-4AINC39 11-03-04 1620 39.01 <1 .10 <5 45.8 22

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-5A LR-5AINC0 09-26-04 2146 0.09 40.4 <.005 17.2 <0.02 <4.5 4.1 0.90 1.17 1.76 85
LR-5AINC2 09-28-04 2210 2.11 56.6 <.05 21.8 .07 <4.5 4.8 1.28 2.08 1.86 105

LR-5AINC4 09-30-04 0819 3.53 68.6 <.05 26.2 .09 <4.5 5.6 1.44 2.61 1.94 126

LR-5AINC8 10-04-04 1745 7.93 88.2 <.05 35.8 .13 <4.5 7.5 1.76 3.26 2.31 172

LR-5AINC19B 10-15-04 1240 18.72 96.0 <.05 40.5 .14 <4.5 8.3 1.96 3.37 2.50 191

LR-5AINC38 11-03-04 1630 37.88 93.2 <.05 44.1 .14 <4.5 8.9 2.32 3.51 3.09 207

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-5A LR-5AINC0 09-26-04 2146 0.09 <1 <0.05 <5 4.5 32
LR-5AINC2 09-28-04 2210 2.11 <1 <.05 <5 10.1 28

LR-5AINC4 09-30-04 0819 3.53 <1 <.05 <5 13.8 29

LR-5AINC8 10-04-04 1745 7.93 <1 <.05 <5 18.3 27

LR-5AINC19B 10-15-04 1240 18.72 <1 <.05 <5 18.9 24

LR-5AINC38 11-03-04 1630 37.88 <1 <.05 <5 22.1 17
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Table 27.  Concentrations of alkali and alkaline earth elements and non-metals in water from incubation experiments using sediment 
cores from Lake Roosevelt.—Continued

[All concentrations in micrograms per liter unless otherwise indicated. Duration: time since beginning of experiment; R, replicate. Symbol: <, less than]

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-6 LR-6INC0 09-27-04 1910 0.11 43.2 <0.05 18.1 <0.02 <4.5 4.1 0.97 1.20 1.87 83
LR-6INC2 09-29-04 1730 2.04 60.0 <.05 22.0 .03 <4.5 4.8 1.43 2.58 1.98 106

LR-6INC5 10-02-04 1340 4.88 68.1 <.05 26.3 .06 <4.5 5.4 1.57 2.77 2.11 121

LR-6INC8 10-04-04 1530 6.96 76.2 <.05 31.5 <.02 <4.5 6.5 1.88 2.44 2.52 144

LR-6INC18A 10-15-04 1250 17.85 75.4 <.05 34.2 <.02 <4.5 6.6 1.90 2.03 2.56 154

LR-6INC18B 10-15-04 1251 R 76.7 <.05 35.3 <.02 <4.5 6.7 1.96 2.12 2.61 156

LR-6INC37 11-03-04 1640 37.01 84.2 <.05 39.5 <.02 <4.5 7.1 2.26 2.15 3.11 175

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-6 LR-6INC0 09-27-04 1910 0.11 <1 0<.05 <5 4.4 36
LR-6INC2 09-29-04 1730 2.04 <1 <.05 <5 8.7 31

LR-6INC5 10-02-04 1340 4.88 <1 <.05 <5 12.9 26

LR-6INC8 10-04-04 1530 6.96 <1 <.05 <5 16.8 40

LR-6INC18A 10-15-04 1250 17.85 <1 <.05 <5 18.6 30

LR-6INC18A 10-15-04 1251 R <1 <.05 <5 18.9 41

LR-6INC37 11-03-04 1640 37.01 <1 <.05 <5 21.3 34

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-7 LR-7AINC0 09-28-04 2130 0.08 36.0 <0.05 17.3 <0.02 <4.5 4.2 0.84 1.15 1.90 80
LR-7AINC2 09-30-04 0830 1.53 38.4 <.05 18.6 <.02 <4.5 4.3 .88 1.24 1.82 88

LR-7AINC4 10-02-04 1345 3.75 40.2 <.05 18.5 <.02 <4.5 4.4 .81 1.20 1.87 93

LR-7AINC8 10-06-04 0840 7.54 39.5 <.05 19.8 <.02 <4.5 4.5 .86 1.24 1.88 99

LR-7AINC17A 10-15-04 1310 16.73 43.7 <.05 21.7 .03 <4.5 5.1 .88 1.27 1.96 111

LR-7AINC17B 10-15-04 1311 R 42.7 <.05 22.2 <.02 <4.5 5.0 .86 1.23 1.89 107

LR-7AINC36 11-03-04 1650 35.88 46.8 <.05 25.1 <.02 <4.5 5.7 .98 1.26 1.99 122

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-7 LR-7AINC0 09-28-04 2130 0.08 <1 <0.05 <5 3.6 29
LR-7AINC2 09-30-04 0830 1.53 <1 <.05 <5 3.9 30

LR-7AINC4 10-02-04 1345 3.75 <1 <.05 <5 4.1 27

LR-7AINC8 10-06-04 0840 7.54 <1 <.05 <5 4.4 32

LR-7AINC17A 10-15-04 1310 16.73 <1 <.05 <5 4.9 36

LR-7AINC17B 10-15-04 1311 R <1 <.05 <5 4.7 31

LR-7AINC36 11-03-04 1650 35.88 <1 <.05 <5 5.1 36
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Table 27.  Concentrations of alkali and alkaline earth elements and non-metals in water from incubation experiments using sediment 
cores from Lake Roosevelt.—Continued

[All concentrations in micrograms per liter unless otherwise indicated. Duration: time since beginning of experiment; R, replicate. Symbol: <, less than]

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-7 LR-7RINC0 09-28-04 2150 0.07 33.7 <0.05 17.3 0.03 <4.5 3.8 1.18 1.74 1.87 79
LR-7RINC2 09-30-04 0835 1.52 39.0 <.05 19.5 <.02 <4.5 4.0 1.24 1.51 1.83 87

LR-7RINC4 10-02-04 1350 3.74 40.3 <.05 21.0 <.02 <4.5 4.2 1.30 1.46 1.88 93

LR-7RINC8 10-06-04 0850 7.53 40.5 <.05 21.6 <.02 <4.5 4.4 1.25 1.35 1.91 97

LR-7RINC17A 10-15-04 1315 16.71 43.8 <.05 24.3 <.02 <4.5 4.9 1.33 1.32 2.06 108

LR-7RINC17B 10-15-04 1316 R 42.9 <.05 25.2 <.02 <4.5 4.9 1.33 1.46 2.03 108

LR-7RINC36 11-03-04 1700 35.87 47.8 <.05 29.8 <.02 <4.5 5.7 1.45 1.42 2.26 124

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-7 LR-7RINC0 09-28-04 2150 0.07 <1 <0.05 <5 4.1 24
LR-7RINC2 09-30-04 0835 1.52 <1 <.05 <5 4.9 27

LR-7RINC4 10-02-04 1350 3.74 <1 <.05 <5 5.6 34

LR-7RINC8 10-06-04 0850 7.53 <1 <.05 <5 5.9 28

LR-7RINC17A 10-15-04 1315 16.71 <1 <.05 <5 6.6 29

LR-7RINC17B 10-15-04 1316 R <1 <.05 <5 6.5 29

LR-7RINC36 11-03-04 1700 35.87 2 <.05 <5 7.2 37

Site 
identifier

Sample  
identifier

Collection Alkali and alkaline earth elements

Date Time
Duration 

(days)
Barium

Beryl-
lium

Calcium 
(mg/L)

Cesium Lithium
Magne-

sium 
(mg/L)

Potas-
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

SA-8 SA-8INC0 09-22-04 2100 0.16 25.7 <0.05 15.5 <0.02 <4.5 3.9 0.76 0.83 1.69 91
SA-8INC2 09-24-04 1710 2.00 32.5 <.05 17.5 <.02 <4.5 4.2 .84 1.12 1.75 100

SA-8INC4 09-26-04 1120 3.76 33.6 <.05 17.1 <.02 <4.5 4.2 .89 1.35 1.77 102

SA-8INC8 09-30-04 0815 7.63 32.5 <.05 17.3 <.02 <4.5 4.1 1.37 1.46 2.00 97

SA-8INC20A 10-12-04 1020 19.72 29.1 <.05 19.0 <.02 <4.5 4.6 1.39 1.00 2.06 104

SA-8INC20B 10-12-04 1021 R 30.4 <.05 20.2 <.02 <4.5 4.8 1.45 0.98 2.12 109

SA-8INC42 11-03-04 1710 42.00 27.9 <.05 24.1 <.02 <4.5 5.6 1.37 1.03 2.27 126

Site 
identifier

Sample  
identifier

Collection Non-metals

Date Time
Duration 

(days)
Arsenic

Phos- 
phorus 
(mg/L)

Sele- 
nium

Silica 
(mg/L)

Sulfate 
(mg/L)

SA-8 SA-8INC0 09-22-04 2100 0.16 <1 <0.05 <5 4.0 21
SA-8INC2 09-24-04 1710 2.00 <1 <.05 <5 6.0 28

SA-8INC4 09-26-04 1120 3.76 <1 <.05 <5 8.0 26

SA-8INC8 09-30-04 0815 7.63 <1 <.05 <5 12.2 30

SA-8INC20A 10-12-04 1020 19.72 <1 .07 <5 19.8 28

SA-8INC20B 10-12-04 1021 R <1 .08 <5 20.8 31

SA-8INC42 11-03-04 1710 42.00 2.0 .10 <5 30.3 27
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Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.

[All concentrations are in micrograms per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]

Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-2 LR-2INC0 09-24-04 1917 0.05 19.7 <0.3 <0.2 <0.1 <5 <0.1 1.0 <0.05 <0.25
LR-2INC2 09-26-04 2006 2.09 22.0 <.3 <.2 <.1 <5 <.1 1.4 <.05 <.25

LR-2INC4 09-28-04 1020 3.68 22.5 <.3 <.2 <.1 <5 <.1 1.8 <.05 <.25

LR-2INC8 10-02-04 1330 7.81 35.1 <.3 <.2 <.1 <5 <.1 2.3 <.05 <.25

LR-2INC18A 10-12-04 1040 17.69 27.0 <.3 <.2 <.1 <5 <.1 3.2 <.05 <.25

LR-2INC18B 10-12-04 1042 R 29.0 <.3 <.2 <.1 <5 <.1 3.3 <.05 <.25

LR-2INC40 11-03-04 1600 39.92 12.7 <.3 <.2 <.1 <5 <.1 4.5 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-2 LR-2INC0 09-24-04 1917 0.05 <250 0.4 62 <2 <0.4 <1 <3 <5 <15
LR-2INC2 09-26-04 2006 2.09 <250 <.25 72 <2 <.4 <1 <3 <5 <15

LR-2INC4 09-28-04 1020 3.68 <250 <.25 112 <2 .6 <1 <3 <5 <15

LR-2INC8 10-02-04 1330 7.81 <250 <.25 60 <2 <.4 <1 4 <5 <15

LR-2INC18A 10-12-04 1040 17.69 <250 <.25 20 <2 <.4 <1 6 <5 <15

LR-2INC18B 10-12-04 1042 R <250 <.25 25 <2 .6 <1 6 <5 <15

LR-2INC40 11-03-04 1600 39.92 <250 <.25 6 <2 .6 <1 7 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-2 LR-2INC0 09-24-04 1917 0.05 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 <3.3 <1
LR-2INC2 09-26-04 2006 2.09 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-2INC4 09-28-04 1020 3.68 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-2INC8 10-02-04 1330 7.81 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-2INC18A 10-12-04 1040 17.69 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-2INC18B 10-12-04 1042 R <.1 <.2 <2.5 <.5 <2.5 .06 <3.3 <1

LR-2INC40 11-03-04 1600 39.92 <.1 <.2 <2.5 <.5 <2.5 .06 <3.3 <1
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-3 LR-3INC0 09-23-04 1530 0.06 12.6 <0.3 <0.2 <0.1 <5 <0.1 0.6 <0.05 <0.25
LR-3INC2 09-25-04 1825 2.18 10.8 <.3 <.2 <.1 <5 <.1 .9 <.05 <.25

LR-3INC4 09-27-04 1115 3.89 10.6 <.3 <.2 <.1 <5 <.1 1.0 <.05 <.25

LR-3INC9 10-02-04 1315 8.97 10.8 <.3 <.2 <.1 <5 .26 1.3 <.05 <.25

LR-3INC19A 10-12-04 1050 18.87 <10 <.3 <.2 <.1 <5 <.1 1.6 <.05 <.25

LR-3INC19B 10-12-04 1052 R <10 <.3 <.2 <.1 <5 <.1 1.9 <.05 <.25

LR-3INC41 11-03-04 1610 41.09 <10 <.3 <.2 .31 <5 <.1 2.1 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-3 LR-3INC0 09-23-04 1530 0.06 <250 0.7 8 <2 <0.4 <1 <3 <5 <15
LR-3INC2 09-25-04 1825 2.18 <250 .4 <5 <2 <.4 <1 <3 <5 <15

LR-3INC4 09-27-04 1115 3.89 <250 <.25 <5 <2 <.4 <1 <3 <5 <15

LR-3INC9 10-02-04 1315 8.97 <250 <.25 <5 <2 <.4 <1 <3 <5 <15

LR-3INC19A 10-12-04 1050 18.87 <250 <.25 <5 2.6 <.4 <1 4 <5 <15

LR-3INC19B 10-12-04 1052 R <250 <.25 <5 2.6 <.4 <1 4 <5 <15

LR-3INC41 11-03-04 1610 41.09 <250 <.25 1,280 6.5 .9 <1 6 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-3 LR-3INC0 09-23-04 1530 0.06 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 <3.3 <1
LR-3INC2 09-25-04 1825 2.18 <.1 <.2 <2.5 <.5 <2.5 <.05 9.9 <1

LR-3INC4 09-27-04 1115 3.89 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-3INC9 10-02-04 1315 8.97 <.1 <.2 <2.5 <.5 <2.5 <.05 4.3 <1

LR-3INC19A 10-12-04 1050 18.87 <.1 <.2 <2.5 <.5 <2.5 <.05 4.2 <1

LR-3INC19B 10-12-04 1052 R <.1 <.2 <2.5 <.5 <2.5 <.05 3.3 <1

LR-3INC41 11-03-04 1610 41.09 <.1 <.2 <2.5 <.5 <2.5 <.05 12 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-4A LR-4AINC0 09-25-04 1910 0.13 17.8 0.4 <0.2 <0.1 <5 <0.1 0.9 <0.05 <0.25
LR-4AINC2 09-27-04 1905 2.12 19.9 <.3 <.2 <.1 <5 <.1 1.9 <.05 <.25

LR-4AINC4 09-29-04 1710 4.04 19.0 <.3 <.2 .13 <5 .51 1.7 <.05 <.25

LR-4AINC9 10-04-04 1730 9.06 <10 <.3 <.2 <.1 <5 .43 .9 .08 <.25

LR-4AINC17B 10-12-04 1100 16.79 <10 <.3 <.2 <.1 <5 .44 .7 .09 <.25

LR-4AINC17A 10-12-04 1101 R <10 <.3 <.2 <.1 <5 .37 .8 .10 <.25

LR-4AINC39 11-03-04 1620 39.01 13.7 1.0 <.2 <.1 <5 .18 2.4 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-4A LR-4AINC0 09-25-04 1910 0.13 <250 1.2 73 <2 <0.4 <1 <3 <5 <15
LR-4AINC2 09-27-04 1905 2.12 <250 .7 258 <2 <.4 <1 <3 <5 <15

LR-4AINC4 09-29-04 1710 4.04 <250 .4 1,540 <2 <.4 <1 <3 <5 <15

LR-4AINC9 10-04-04 1730 9.06 <250 <.25 4,710 2.6 0.8 <1 4 <5 <15

LR-4AINC17B 10-12-04 1100 16.79 293 <.25 4,960 3.0 1.1 <1 5 <5 <15

LR-4AINC17A 10-12-04 1101 R <250 <.25 4,620 2.8 0.7 <1 5 <5 <15

LR-4AINC39 11-03-04 1620 39.01 <250 .3 716 2.1 1.0 <1 7 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-4A LR-4AINC0 09-25-04 1910 0.13 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 <3.3 <1
LR-4AINC2 09-27-04 1905 2.12 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-4AINC4 09-29-04 1710 4.04 <.1 <.2 <2.5 <.5 <2.5 <.05 3.8 <1

LR-4AINC9 10-04-04 1730 9.06 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-4AINC17B 10-12-04 1100 16.79 <.1 <.2 <2.5 .84 <2.5 <.05 <3.3 <1

LR-4AINC17A 10-12-04 1101 R <.1 <.2 <2.5 .75 <2.5 <.05 <3.3 <1

LR-4AINC39 11-03-04 1620 39.01 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-5A LR-5AINC0 09-26-04 2146 0.09 12.1 1.0 <0.2 <0.1 <5 <0.1 0.6 <0.05 <0.25
LR-5AINC2 09-28-04 2210 2.11 10.7 1.1 <.2 <.1 <5 .37 .9 <.05 <.25

LR-5AINC4 09-30-04 0819 3.53 <10 .7 <.2 <.1 <5 .39 .8 <.05 <.25

LR-5AINC8 10-04-04 1745 7.93 <10 .8 <.2 <.1 <5 .33 1.0 <.05 <.25

LR-5AINC19B 10-15-04 1240 18.72 <10 1.8 <.2 <.1 <5 <.1 1.1 <.05 <.25

LR-5AINC38 11-03-04 1630 37.88 <10 1.7 <.2 <.1 <5 <.1 1.5 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-5A LR-5AINC0 09-26-04 2146 0.09 <250 1.3 23 <2 <0.4 <1 <3 <5 <15
LR-5AINC2 09-28-04 2210 2.11 324 1.1 191 <2 0.6 <1 <3 <5 <15

LR-5AINC4 09-30-04 0819 3.53 329 .6 408 2.2 0.7 <1 <3 <5 <15

LR-5AINC8 10-04-04 1745 7.93 253 1.0 618 4.1 1.0 <1 <3 <5 <15

LR-5AINC19B 10-15-04 1240 18.72 <250 <.25 114 5.6 0.8 <1 <3 <5 <15

LR-5AINC38 11-03-04 1630 37.88 <250 <.25 50 7.6 0.6 <1 <3 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-5A LR-5AINC0 09-26-04 2146 0.09 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 5.8 <1
LR-5AINC2 09-28-04 2210 2.11 <.1 <.2 <2.5 <.5 <2.5 <.05 12 <1

LR-5AINC4 09-30-04 0819 3.53 <.1 <.2 <2.5 <.5 <2.5 <.05 8.9 <1

LR-5AINC8 10-04-04 1745 7.93 <.1 <.2 <2.5 <.5 <2.5 <.05 6.0 <1

LR-5AINC19B 10-15-04 1240 18.72 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

LR-5AINC38 11-03-04 1630 37.88 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-6 LR-6INC0 09-27-04 1910 0.11 10.8 1.6 <0.2 <0.1 <5 <0.1 2.0 <0.05 <0.25
LR-6INC2 09-29-04 1730 2.04 <10 3.1 <.2 <.1 <5 .52 2.1 <.05 <.25

LR-6INC5 10-02-04 1340 4.88 10.8 3.1 <.2 .15 <5 <.1 3.2 <.05 <.25

LR-6INC8 10-04-04 1530 6.96 12.0 3.4 <.2 .14 <5 .34 4.2 <.05 <.25

LR-6INC18A 10-15-04 1250 17.85 10.8 3.5 <.2 .14 <5 <.1 4.9 <.05 <.25

LR-6INC18A 10-15-04 1251 R <10 3.6 <.2 .16 <5 <.1 5.0 <.05 <.25

LR-6INC37 11-03-04 1640 37.01 <10 4.4 <.2 .14 <5 <.1 5.2 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-6 LR-6INC0 09-27-04 1910 0.11 <250 0.7 10 <2 <0.4 <1 <3 <5 <15
LR-6INC2 09-29-04 1730 2.04 <250 .3 25 2.2 <.4 <1 <3 <5 <15

LR-6INC5 10-02-04 1340 4.88 <250 <.25 33 3.5 .5 <1 <3 <5 <15

LR-6INC8 10-04-04 1530 6.96 <250 OTL 18 4.2 1.0 <1 4 <5 <15

LR-6INC18A 10-15-04 1250 17.85 <250 <.25 <5 6.1 .6 <1 3 <5 <15

LR-6INC18A 10-15-04 1251 R <250 .5 <5 6.2 .6 <1 4 <5 <15

LR-6INC37 11-03-04 1640 37.01 <250 <.25 <5 12 .6 <1 4 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-6 LR-6INC0 09-27-04 1910 0.11 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 14 <1
LR-6INC2 09-29-04 1730 2.04 <.1 <.2 <2.5 <.5 <2.5 <.05 34 <1

LR-6INC5 10-02-04 1340 4.88 <.1 <.2 <2.5 <.5 <2.5 <.05 37 <1

LR-6INC8 10-04-04 1530 6.96 <.1 <.2 <2.5 <.5 <2.5 <.05 46 <1

LR-6INC18A 10-15-04 1250 17.85 <.1 <.2 <2.5 <.5 <2.5 <.05 34 <1

LR-6INC18A 10-15-04 1251 R <.1 <.2 <2.5 <.5 <2.5 <.05 35 <1

LR-6INC37 11-03-04 1640 37.01 <.1 <.2 <2.5 <.5 <2.5 <.05 33 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-7 LR-7AINC0 09-28-04 2130 0.08 26.8 1.1 <0.2 <0.1 <5 0.26 4.3 <0.05 <0.25
LR-7AINC2 09-30-04 0830 1.53 27.6 2.4 <.2 <.1 <5 <.1 4.4 .10 <.25

LR-7AINC4 10-02-04 1345 3.75 25.0 4.3 <.2 <.1 <5 OTL 4.1 .08 <.25

LR-7AINC8 10-06-04 0840 7.54 24.0 6.7 <.2 <.1 <5 <.1 4.3 .09 <.25

LR-7AINC17A 10-15-04 1310 16.73 26.8 12.6 <.2 .14 <5 <.1 4.9 .10 <.25

LR-7AINC17B 10-15-04 1311 R 21.3 12.6 <.2 <.1 <5 <.1 4.4 .08 <.25

LR-7AINC36 11-03-04 1650 35.88 24.3 21.6 <.2 <.1 <5 <.1 4.9 .09 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-7 LR-7AINC0 09-28-04 2130 0.08 <250 0.9 <5 <2 0.5 <1 <3 <5 <15
LR-7AINC2 09-30-04 0830 1.53 <250 .7 <5 <2 .5 <1 <3 <5 <15

LR-7AINC4 10-02-04 1345 3.75 <250 .4 <5 <2 <.4 <1 <3 <5 <15

LR-7AINC8 10-06-04 0840 7.54 <250 .3 <5 <2 <.4 <1 <3 <5 <15

LR-7AINC17A 10-15-04 1310 16.73 <250 .3 <5 <2 <.4 <1 <3 <5 <15

LR-7AINC17B 10-15-04 1311 R <250 <.25 <5 <2 <.4 <1 <3 <5 <15

LR-7AINC36 11-03-04 1650 35.88 <250 <.25 <5 <2 <.4 <1 <3 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-7 LR-7AINC0 09-28-04 2130 0.08 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 7.0 <1
LR-7AINC2 09-30-04 0830 1.53 <.1 <.2 <2.5 <.5 <2.5 <.05 9.5 <1

LR-7AINC4 10-02-04 1345 3.75 <.1 <.2 <2.5 <.5 <2.5 <.05 8.6 <1

LR-7AINC8 10-06-04 0840 7.54 <.1 <.2 <2.5 <.5 <2.5 <.05 9.0 <1

LR-7AINC17A 10-15-04 1310 16.73 <.1 <.2 <2.5 <.5 <2.5 <.05 8.4 <1

LR-7AINC17B 10-15-04 1311 R <.1 <.2 <2.5 <.5 <2.5 <.05 8.7 <1

LR-7AINC36 11-03-04 1650 35.88 <.1 <.2 <2.5 <.5 <2.5 <.05 9.7 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

LR-7 LR-7RINC0 09-28-04 2150 0.07 40.8 3.0 <0.2 <0.1 <5 <0.1 10.1 0.22 <0.25
LR-7RINC2 09-30-04 0835 1.52 28.6 5.8 <.2 <.1 <5 <.1 9.2 .20 .26

LR-7RINC4 10-02-04 1350 3.74 32.9 8.4 <.2 <.1 <5 <.1 7.7 .20 .27

LR-7RINC8 10-06-04 0850 7.53 24.0 11.4 <.2 <.1 <5 <.1 5.8 .20 <.25

LR-7RINC17A 10-15-04 1315 16.71 21.8 17.2 <.2 <.1 <5 <.1 5.3 .10 <.25

LR-7RINC17B 10-15-04 1316 R 22.4 16.7 <.2 <.1 <5 <.1 5.3 .10 <.25

LR-7RINC36 11-03-04 1700 35.87 21.2 23.4 <.2 <.1 <5 <.1 4.7 .10 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

LR-7 LR-7RINC0 09-28-04 2150 0.07 <250 1.8 5 <2 <0.4 <1 <3 <5 <15
LR-7RINC2 09-30-04 0835 1.52 <250 .7 <5 <2 <.4 <1 <3 <5 <15

LR-7RINC4 10-02-04 1350 3.74 <250 .5 <5 <2 <.4 <1 <3 <5 <15

LR-7RINC8 10-06-04 0850 7.53 <250 <.25 <5 <2 <.4 <1 <3 <5 <15

LR-7RINC17A 10-15-04 1315 16.71 <250 <.25 <5 2.6 <.4 <1 <3 <5 <15

LR-7RINC17B 10-15-04 1316 R <250 <.25 <5 2.7 <.4 <1 <3 <5 <15

LR-7RINC36 11-03-04 1700 35.87 <250 <.25 <5 3.9 <.4 <1 <3 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

LR-7 LR-7RINC0 09-28-04 2150 0.07 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 8.7 <1
LR-7RINC2 09-30-04 0835 1.52 <.1 <.2 <2.5 <.5 <2.5 <.05 8.8 <1

LR-7RINC4 10-02-04 1350 3.74 <.1 <.2 <2.5 <.5 <2.5 <.05 13 <1

LR-7RINC8 10-06-04 0850 7.53 <.1 <.2 <2.5 .51 <2.5 <.05 7.1 <1

LR-7RINC17A 10-15-04 1315 16.71 <.1 <.2 <2.5 <.5 <2.5 <.05 7.0 <1

LR-7RINC17B 10-15-04 1316 R <.1 <.2 <2.5 .55 <2.5 <.05 7.2 <1

LR-7RINC36 11-03-04 1700 35.87 <.1 <.2 <2.5 .62 <2.5 <.05 7.1 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Site  
identifier

Sample  
identifier

Collection
Alumi-

num
Anti- 
mony

Bis- 
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa-

niumDate Time
Duration 

(days)

SA-8 SA-8INC0 09-22-04 2100 0.16 16.5 <0.3 <0.2 <0.1 <5 <0.1 1.2 <0.05 <0.25
SA-8INC2 09-24-04 1710 2.00 18.7 <.3 <.2 <.1 <5 .16 1.0 <.05 <.25

SA-8INC4 09-26-04 1120 3.76 12.5 <.3 <.2 <.1 <5 .13 .7 <.05 <.25

SA-8INC8 09-30-04 0815 7.63 23.9 <.3 <.2 <.1 <5 <.1 1.0 <.05 <.25

SA-8INC20A 10-12-04 1020 19.72 15.8 <.3 <.2 <.1 <5 <.1 1.1 <.05 <.25

SA-8INC20B 10-12-04 1021 R 17.4 <.3 <.2 <.1 <5 <.1 1.0 <.05 <.25

SA-8INC42 11-03-04 1710 42.00 <10 <.3 <.2 <.1 <5 <.1 1.3 <.05 <.25

Site 
identifier

Sample 
identifier

Collection

Iron Lead
Man- 

ganese
Molyb- 
denum

Nickel
Nio- 
bium

Scan- 
dium

Sele- 
nium

Silver
Date Time

Duration 
(days)

SA-8 SA-8INC0 09-22-04 2100 0.16 <250 com 12 <2 <0.4 <1 <3 <5 <15
SA-8INC2 09-24-04 1710 2.00 <250 0.8 97 <2 <.4 <1 <3 <5 <15

SA-8INC4 09-26-04 1120 3.76 <250 <.25 139 <2 <.4 <1 <3 <5 <15

SA-8INC8 09-30-04 0815 7.63 <250 <.25 89 <2 <.4 <1 <3 <5 <15

SA-8INC20A 10-12-04 1020 19.72 <250 <.25 <5 <2 3.9 <1 <3 <5 <15

SA-8INC20B 10-12-04 1021 R <250 <.25 <5 <2 <.4 <1 <3 <5 <15

SA-8INC42 11-03-04 1710 42.00 <250 <.25 <5 <2 <.4 <1 4 <5 <15

Site 
identifier

Sample 
identifier

Collection
Tanta- 

lum
Thal- 
lium

Tita- 
nium

Tung- 
sten

Vana-
dium

Yttrium Zinc
Zirco-
niumDate Time

Duration 
(days)

SA-8 SA-8INC0 09-22-04 2100 0.16 <0.1 <0.2 <2.5 <0.5 <2.5 <0.05 3.3 <1
SA-8INC2 09-24-04 1710 2.00 <.1 <.2 <2.5 <.5 <2.5 <.05 3.8 <1

SA-8INC4 09-26-04 1120 3.76 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

SA-8INC8 09-30-04 0815 7.63 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

SA-8INC20A 10-12-04 1020 19.72 <.1 <.2 <2.5 <.5 <2.5 <.05 4.5 <1

SA-8INC20B 10-12-04 1021 R <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

SA-8INC42 11-03-04 1710 42.00 <.1 <.2 <2.5 <.5 <2.5 <.05 <3.3 <1

Table 28.  Concentrations of metals in water from incubation experiments using sediment cores from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: OTL, outlier  
(see table 8); com, contaminated. Symbols: <, less than]
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Table 29.  Concentrations of lanthanide and actinide elements in water from incubation experiments using sediment cores from Lake 
Roosevelt.

[All concentrations are in micrograms per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: com, contaminated.  
Symbols: <, less than]

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-2 LR-2INC0 09-24-04 1917 0.05 <0.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-2INC2 09-26-04 2006 2.09 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-2INC4 09-28-04 1020 3.68 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-2INC8 10-02-04 1330 7.81 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-2INC18A 10-12-04 1040 17.69 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-2INC18B 10-12-04 1042 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-2INC40 11-03-04 1600 39.92 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-2 LR-2INC0 09-24-04 1917 0.05 <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 0.03
LR-2INC2 09-26-04 2006 2.09 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-2INC4 09-28-04 1020 3.68 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-2INC8 10-02-04 1330 7.81 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-2INC18A 10-12-04 1040 17.69 <.05 <.05 <.09 <.1 <1 <.045 <.5 .05

LR-2INC18B 10-12-04 1042 R <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-2INC40 11-03-04 1600 39.92 <.05 <.05 <.09 <.1 <1 <.045 <.5 .03

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-3 LR-3INC0 09-23-04 1530 0.06 <.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-3INC2 09-25-04 1825 2.18 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3INC4 09-27-04 1115 3.89 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3INC9 10-02-04 1315 8.97 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3INC19A 10-12-04 1050 18.87 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3INC19B 10-12-04 1052 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-3INC41 11-03-04 1610 41.09 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-3 LR-3INC0 09-23-04 1530 0.06 <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <.0025
LR-3INC2 09-25-04 1825 2.18 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-3INC4 09-27-04 1115 3.89 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-3INC9 10-02-04 1315 8.97 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-3INC19A 10-12-04 1050 18.87 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-3INC19B 10-12-04 1052 R <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-3INC41 11-03-04 1610 41.09 <.05 <.05 <.09 <.1 <1 <.045 1.0 <.025
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Table 29.  Concentrations of lanthanide and actinide elements in water from incubation experiments using sediment cores 
from Lake Roosevelt.—Continued

[All concentrations are in micrograms per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: com, contaminated.  
Symbols: <, less than]

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-4A LR-4AINC0 09-25-04 1910 0.13 <.05 <.04 <.025 <.025 .03 <.025 <.1 <.5
LR-4AINC2 09-27-04 1905 2.12 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-4AINC4 09-29-04 1710 4.04 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-4AINC9 10-04-04 1730 9.06 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-4AINC17B 10-12-04 1100 16.79 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-4AINC17A 10-12-04 1101 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-4AINC39 11-03-04 1620 39.01 .07 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-4A LR-4AINC0 09-25-04 1910 0.13 <.05 <.05 <.09 <0.1 <1 <.045 <0.5 <.025
LR-4AINC2 09-27-04 1905 2.12 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-4AINC4 09-29-04 1710 4.04 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-4AINC9 10-04-04 1730 9.06 <.05 <.05 <.09 <.1 <1 <.045 1.6 .03

LR-4AINC17B 10-12-04 1100 16.79 <.05 <.05 <.09 <.1 <1 <.045 1.2 <.025

LR-4AINC17A 10-12-04 1101 R <.05 <.05 <.09 <.1 <1 <.045 1.4 <.025

LR-4AINC39 11-03-04 1620 39.01 <.05 <.05 <.09 <.1 <1 <.045 1.0 <.025

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-5A LR-5AINC0 09-26-04 2146 0.09 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5
LR-5AINC2 09-28-04 2210 2.11 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-5AINC4 09-30-04 0819 3.53 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-5AINC8 10-04-04 1745 7.93 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-5AINC19B 10-15-04 1240 18.72 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-5AINC38 11-03-04 1630 37.88 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-5A LR-5AINC0 09-26-04 2146 0.09 <.05 <.05 <.09 <.1 <1 <.045 <0.5 <.025
LR-5AINC2 09-28-04 2210 2.11 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-5AINC4 09-30-04 0819 3.53 <.05 <.05 <.09 <.1 <1 <.045 .8 <.025

LR-5AINC8 10-04-04 1745 7.93 <.05 <.05 <.09 <.1 <1 <.045 2.3 <.025

LR-5AINC19B 10-15-04 1240 18.72 <.05 <.05 <.09 <.1 <1 <.045 3.6 <.025

LR-5AINC38 11-03-04 1630 37.88 <.05 <.05 <.09 <.1 <1 <.045 2.7 <.025
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Table 29.  Concentrations of lanthanide and actinide elements in water from incubation experiments using sediment cores 
from Lake Roosevelt.—Continued

[All concentrations are in micrograms per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: com, contaminated.  
Symbols: <, less than]

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-6 LR-6INC0 09-27-04 1910 0.11 <0.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-6INC2 09-29-04 1730 2.04 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-6INC5 10-02-04 1340 4.88 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-6INC8 10-04-04 1530 6.96 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-6INC18A 10-15-04 1250 17.85 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-6INC18B 10-15-04 1251 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-6INC37 11-03-04 1640 37.01 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-6 LR-6INC0 09-27-04 1910 0.11 <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
LR-6INC2 09-29-04 1730 2.04 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-6INC5 10-02-04 1340 4.88 <.05 <.05 <.09 <.1 <1 <.045 .6 <.025

LR-6INC8 10-04-04 1530 6.96 <.05 <.05 <.09 <.1 <1 <.045 .6 <.025

LR-6INC18A 10-15-04 1250 17.85 <.05 <.05 <.09 <.1 <1 <.045 1.6 <.025

LR-6INC18B 10-15-04 1251 R <.05 <.05 <.09 <.1 <1 <.045 1.7 <.025

LR-6INC37 11-03-04 1640 37.01 <.05 <.05 <.09 <.1 <1 <.045 3.0 <.025

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-7 LR-7AINC0 09-28-04 2130 0.08 <0.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-7AINC2 09-30-04 0830 1.53 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7AINC4 10-02-04 1345 3.75 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7AINC8 10-06-04 0840 7.54 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7AINC17A 10-15-04 1310 16.73 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7AINC17B 10-15-04 1311 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7AINC36 11-03-04 1650 35.88 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-7 LR-7AINC0 09-28-04 2130 0.08 <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
LR-7AINC2 09-30-04 0830 1.53 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-7AINC4 10-02-04 1345 3.75 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-7AINC8 10-06-04 0840 7.54 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-7AINC17A 10-15-04 1310 16.73 <.05 <.05 <.09 <.1 <1 <.045 .6 <.025

LR-7AINC17B 10-15-04 1311 R <.05 <.05 <.09 <.1 <1 <.045 .6 <.025

LR-7AINC36 11-03-04 1650 35.88 <.05 <.05 <.09 <.1 <1 <.045 .8 <.025
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Table 29.  Concentrations of lanthanide and actinide elements in water from incubation experiments using sediment cores 
from Lake Roosevelt.—Continued

[All concentrations are in micrograms per liter. Duration: time since beginning of experiment; R, replicate. Abbreviations: com, contaminated.  
Symbols: <, less than]

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

LR-7 LR-7RINC0 09-28-04 2150 0.07 0.06 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
LR-7RINC2 09-30-04 0835 1.52 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7RINC4 10-02-04 1350 3.74 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7RINC8 10-06-04 0850 7.53 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7RINC17A 10-15-04 1315 16.71 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7RINC17B 10-15-04 1316 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7RINC36 11-03-04 1700 35.87 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

LR-7 LR-7RINC0 09-28-04 2150 0.07 <0.05 <0.05 <0.09 <0.1 <1 <0.045 0.6 <0.025
LR-7RINC2 09-30-04 0835 1.52 <.05 <.05 <.09 <.1 <1 <.045 .6 <.025

LR-7RINC4 10-02-04 1350 3.74 <.05 <.05 <.09 <.1 <1 <.045 .7 <.025

LR-7RINC8 10-06-04 0850 7.53 <.05 <.05 <.09 <.1 <1 <.045 .7 <.025

LR-7RINC17A 10-15-04 1315 16.71 <.05 <.05 <.09 <.1 <1 <.045 1.1 <.025

LR-7RINC17B 10-15-04 1316 R <.05 <.05 <.09 <.1 <1 <.045 1.0 <.025

LR-7RINC36 11-03-04 1700 35.87 <.05 <.05 <.09 <.1 <1 <.045 1.6 <.025

Site 
identifier

Sample  
identifier

Collection

Cerium
Dypro- 
sium

Erbium Europium
Gado-
linium

Holmium
Lantha- 

num
Lutetium

Date Time
Duration 

(days)

SA-8 SA-8INC0 09-22-04 2100 0.16 <0.05 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
SA-8INC2 09-24-04 1710 2.00 .10 <.04 <.025 .03 <.025 <.025 <.1 <.5

SA-8INC4 09-26-04 1120 3.76 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

SA-8INC8 09-30-04 0815 7.63 .06 <.04 <.025 <.025 <.025 <.025 <.1 <.5

SA-8INC20A 10-12-04 1020 19.72 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

SA-8INC20B 10-12-04 1021 R <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

SA-8INC42 11-03-04 1710 42.00 <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

Site 
identifier

Sample  
identifier

Collection
Neody-
mium

Praseo- 
dymium

Sama- 
rium

Terbium Thorium Thulium Uranium
Ytter- 
biumDate Time

Duration 
(days)

SA-8 SA-8INC0 09-22-04 2100 0.16 <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 <0.025
SA-8INC2 09-24-04 1710 2.00 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8INC4 09-26-04 1120 3.76 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8INC8 09-30-04 0815 7.63 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8INC20A 10-12-04 1020 19.72 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8INC20B 10-12-04 1021 R <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

SA-8INC42 11-03-04 1710 42.00 <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
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Site  
identifier

Sample  
identifier

Depth inverval 
(cm)

Weights (grams)

Original
wet sediment

Slurry
Dry sediment 

at end of 
experiment

Porewater 
at beginning 

of experiment

Reservoir 
water 
added

LR-2 LR-2 0–2 96.1 128.6 17.9 78.3 32.4
LR-3 LR-3 0–2 106.4 139 27.9 78.5 32.6
LR-4A LR-4A 0–2 93.7 123.2 22.9 70.8 29.5

LR-5A LR-5A 0–2 101 134 40.1 60.9 33
4.7–6.2 78.2 102.1 58.9 19.3 23.9

LR-6 LR-6 0–2 133.4 171.6 79.0 54.4 38.2
4.2–5.2 88.2 119.6 62.6 25.6 31.4

LR-7 LR-7 0–2 212.6 242.5 175.2 37.4 29.9
LR-7R (replicate) 0–2 143.7 179 111.3 32.4 35.3

SA-8 SA-8 0–2 114.6 146.2 44.4 70.2 31.6

RM 743 1RM 743 Surface 147.7 221.2 147.5 .2 73.5
1RM 743 replicate Surface 154.4 240.9 154.3 .1 86.5

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia River on  
September 13, 2002, and analyzed as part of a previous study (Cox and others, 2005).

Table 30.  Depth interval, weights of wet sediment, slurry, dry sediment, porewaters, and reservoir water during 
tumbling experiment.

[All weights are in grams. Weight of porewater at beginning of experiment = Original wet sediment weight – Dry weight at end of 
experiment. Weight of overlying water added = Slurry weight – Original wet sediment weight. Abbreviations: cm, centimeter]
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Table 31.  Concentrations of alkali and alkaline elements and non-metals in supernatants from tumbling experiments using sediment 
cores and river sediment with slag from Lake Roosevelt.

[Concentrations are in micrograms per liter unless otherwise indicated. Sampling time is elapsed time after mixing slurry. Abbreviations: cm,  
centimeter; min., minute; mg/L, milligram per liter. Symbols: <, less than]

Site  
identifier

Sample 
identifier

Depth 
interval 

(cm)

Sampling 
time

Alkali and alkaline earth elements

Barium
Beryl- 
lium

Calcium 
(mg/L)

Cesium
Lith- 
ium

Magne- 
sium 

(mg/L)

Potas- 
sium 

(mg/L)

Rubi- 
dium

Sodium 
(mg/L)

Stron- 
tium

LR-2 LR-2 0–2 15 min. 66.4 <0.05 17.4 0.04 <4.5 4.4 1.37 2.71 2.08 106
43 days 305 <.05 65.8 .14 <4.5 15.3 2.66 5.98 2.94 392

LR-3 LR-3 0–2 15 min. 91.4 <.05 24.9 .06 <4.5 6.1 1.21 3.78 1.81 139
43 days 344 <.05 75.9 .13 <4.5 18.1 2.11 7.69 2.60 433

LR-4A LR-4A 0–2 15 min. 75.6 <.05 16 .10 <4.5 3.8 1.52 3.12 2.34 90
43 days 256 <.05 68.4 .19 5.3 15.4 2.63 6.21 3.31 377

LR-5A LR-5A 0–2 15 min. 87.7 <.05 21.1 .13 <4.5 4.1 1.66 3.03 2.46 107
43 days 237 <.05 137 .25 <4.5 24.3 4.42 5.9 4.78 661

 4.7–6.2 15 min. 159 <.05 29.9 .14 7.8 5.9 2.03 4.08 2.83 136
43 days 404 <.05 97.4 .19 29.8 21.6 4.22 7.98 6.54 366

LR-6 LR-6 0–2 15 min. 128 <.05 25.9 .03 <4.5 4.0 2.10 3.12 2.63 131
43 days 525 <.05 146 .17 4.6 22.8 6.05 7 6.34 732

4.2–5.2 15 min. 160 <.05 29 .04 <4.5 4.3 3.06 4.44 2.76 156
43 days 639 <.05 113 .11 17.8 21.4 7.18 10.2 6.36 586

LR-7 LR-7 0–2 15 min. 60.3 <.05 27.9 <.02 4.6 6.3 .88 1.47 2.24 145
43 days 128 <.05 64 <.02 6.2 19.0 2.30 2.22 3.16 327

LR-7R 0–2 15 min. 47.7 <.05 28.8 <.02 <4.5 5.5 1.35 1.57 2.47 123
43 days 152 <.05 73.7 .03 34.6 35.4 5.80 4.89 5.45 294

SA-8 SA-8 0–2 15 min. 34.8 <.05 13.8 <.02 <4.5 3.4 1.16 1.28 2.11 79
43 days 122 <.05 68.2 .03 <4.5 16.0 2.52 2.85 4.24 368

RM 743 1RM 743 Surface 15 min. 47.2 <.05 25.2 <.02 <4.5 5.1 1.02 .74 2.31 87
43 days 68.8 <.05 36.3 <.02 5.7 11.9 2.09 2.51 2.63 144

1RM 743 
-replicate

Surface 15 min. 44.4 <.05 23.8 <.02 <4.5 5.0 .99 .78 2.28 85
43 days 71.8 <.05 31.9 .04 20.5 16.8 4.70 6.64 3.56 123
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Site 
identifier

Sample 
identifier

Depth 
(cm)

Sampling 
time

Non-Metals

Arsenic 
(µg/L)

Phos-
phorus 
(mg/L)

Sele- 
nium 
(µg/L)

Silica 
(mg/L)

Sulfate 
(mg/L)

LR-2 LR-2 0–2 15 min. 2 <0.05 <5 18 <10
43 days 3 .09 <5 40 17

LR-3 LR-3 0–2 15 min. <1 .06 <5 31 <10
43 days 4 .10 <5 47 <10

LR-4A LR-4A 0–2 15 min. 2 <.05 <5 30 <10
43 days 5 .08 <5 44 32

LR-5A LR-5A 0–2 15 min. 2 <.05 <5 12 <10
43 days 2 <.05 <5 26 <10

 4.7–6.2 15 min. <1 <.05 <5 12 <10
43 days 2 <.05 <5 23 74

LR-6 LR-6 0–2 15 min. 2 <.05 <5 7.9 <10
43 days 5 <.05 <5 28 <10

4.2–5.2 15 min. 2 <.05 <5 7.0 <10
43 days 3 .10 <5 18 114

LR-7 LR-7R 0–2 15 min. 2 <.05 <5 6 12
43 days 2 <.05 <5 13 40

LR-7R 0–2 15 min. 2 <.05 <5 7.2 15
43 days 2 .08 <5 15 42

SA-8 SA-8 0–2 15 min. <1 <.05 <5 10 <10
43 days 3 .07 <5 36 17

RM 743 1RM 743 Surface 15 min. 2 .06 <5 4.4 38
43 days 4 <.05 <5 10 50

1RM 743 
-replicate

Surface 15 min. 2 <.05 <5 4.2 22
43 days 5 .08 <5 8.9 53

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the 
Columbia River on September 13, 2002, and analyzed as part of a previous study (Cox and others, 2005).

Table 31.  Concentrations of alkali and alkaline elements and non-metals in supernatants from tumbling experiments using sediment 
cores and river sediment with slag from Lake Roosevelt.—Continued

[Concentrations are in micrograms per liter unless otherwise indicated. Sampling time is elapsed time after mixing slurry. Abbreviations: cm,  
centimeter; min., minute; mg/L, milligram per liter. Symbols: <, less than]
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Table 32.  Concentrations of metals in supernatants from tumbling experiments using sediment cores and river sediment with slag from 
Lake Roosevelt.

[All concentrations are in micrograms per liter. Sampling time after mixing slurry. Abbreviations: cm, centimeter; min., minute. Symbols: <, less than]

Site 
identifier

Sample 
identifier

Depth 
interval 

(cm)

Sampling 
time

Metals

Alumi-
num

Anti-
mony

Bis-
muth

Cad-
mium

Chro-
mium

Cobalt Copper Gallium
Germa- 

nium
Iron Lead

Man-
ganese

Molyb-
denum

Nickel

LR-2 LR-2 0–2 15 min. 52.9 0.6 <0.2 <.1 <5 0.60 0.7 0.20 <0.025 <250 1.0 5,720 3.1 1.7
43 days 18.6 <.3 <.2 .11 <5 1.68 1.0 .73 <.025 <250 .9 43,000 17.9 2.7

LR-3 LR-3 0–2 15 min. 62.2 1.2 <.2 .26 <5 .77 2.4 .20 <.025 <250 2.5 9,740 10.2 1.6

43 days 28.8 <.3 <.2 .68 <5 2.46 3.1 .70 <.025 <250 5.9 50,600 26.0 4.0

LR-4A LR-4A 0–2 15 min. 146 .5 <.2 .19 <5 .73 2.7 .09 <.025 <250 2.2 2,460 <2 1.1

43 days 35.1 <.3 <.2 <.1 <5 3.08 .8 .20 <.025 9,960 .7 11,800 3.3 2.6

LR-5A LR-5A 
 

0–2 15 min. 37 2.0 <.2 <.1 <5 .51 <.5 <.05 <.025 273 2.2 591 <2 .6

43 days 19.8 .8 <.2 <.1 <5 1.46 .9 .10 <.025 1,230 .7 5,240 18.0 .6

4.7–6.2 15 min. 25.1 6.7 <.2 <.1 <5 1.02 .6 <.05 .53 593 1.6 923 6.1 .6

43 days 14.3 2.5 <.2 <.1 <5 2.07 <.5 .09 .66 <250 <.25 3,590 13.9 .9

LR-6 LR-6 
 

0–2 15 min. 42.4 12.0 <.2 <.1 <5 .18 2.4 <.05 .3 <250 3.6 183 5.2 .7

43 days 19.5 1.0 <.2 <.1 <5 1.72 .6 <.05 .56 3,750 1.6 3,500 34.5 <.4

4.2–5.2 15 min. 48.4 60.4 <.2 .13 <5 <.1 5.1 .22 .46 <250 7.3 46.2 9.7 <.4

43 days 20.7 7.8 <.2 .12 <5 .27 3.5 .07 .7 <250 4.2 416 27.1 .8

LR-7 LR-7 0–2 15 min. 85.2 27.4 <.2 .20 <5 .18 26.8 .20 .26 491 16.2 10.9 <2 <.4

43 days 29 160 <.2 .19 <5 <.1 30.0 .07 .38 <250 1.6 7.3 4.1 <.4

LR-7R 0–2 15 min. 70.8 17.7 <.2 <.1 <5 <.1 21.0 .07 .28 358 7.5 7.5 2.6 <.4

43 days 256 155 <.2 .34 <5 .36 94.2 .24 .68 914 18.7 38.5 6.0 1.6

SA-8 SA-8 0–2 15 min. 90.3 .8 <.2 <.1 <5 .48 <.5 <.05 <.025 <250 .3 530 <2 .5

43 days 27.8 .5 <.2 <.1 <5 1.23 <.5 .10 <.025 740 <.25 3,370 <2 1.2

RM 743 1RM 743 15 min. 68.4 22.5 <.2 .32 <5 .32 51.8 .10 <.025 338 7.9 19 3.6 .8

43 days 40.6 336 <.2 .13 <5 .47 55.8 <.05 .53 <250 4.5 117 36.0 1.2

1RM 743-replicate 15 min. 58.7 21.2 <.2 .21 <5 .23 50.6 .07 <.0 259 7.0 18.1 3.3 1.1

43 days 160 498 <.2 .31 <5 .68 140.0 .07 .7 773 17.4 148 54.6 2.0
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Table 32.  Concentrations of metals in supernatants from tumbling experiments using sediment cores and river sediment with slag from 
Lake Roosevelt.—Continued

[All concentrations are in micrograms per liter. Sampling time after mixing slurry. Abbreviations: cm, centimeter; min., minute. Symbols: <, less than]

Site  
identifier

Sample  
identifier

Depth 
(cm)

Sampling 
time

Metals

Nio-
bium

Scan-
dium

Silver
Tanta-

lum
Thal-
lium

Tita-
nium

Tung-
sten

Vana-
dium

Yttrium Zinc
Zirco-
nium

LR-2 LR-2 0–2 15 min. <1 <3 <15 <0.1 <0.2 <2.5 <0.5 <2.5 0.09 6.8 <1
43 days <1 6.3 <15 <.1 <.2 <2.5 .89 <2.5 .22 12.7 <1

LR-3 LR-3 0–2 15 min. <1 4.8 <15 <.1 <.2 <2.5 <.5 <2.5 .21 5.3 <1

43 days <1 7.6 <15 <.1 .3 <2.5 <.5 2.6 .42 14.0 <1

LR-4A LR-4A 0–2 15 min. <1 4.5 <15 <.1 <.2 <2.5 <.5 <2.5 .17 8.6 <1

43 days <1 6.8 <15 <.1 <.2 <2.5 <.5 <2.5 .08 12.4 <1

LR-5A LR-5A 0–2 15 min. <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .10 10.4 <1

43 days <1 3.6 <15 <.1 <.2 <2.5 .95 <2.5 .09 11.2 <1

4.7–6.2 15 min. <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 21.4 <1

43 days <1 3.3 <15 <.1 <.2 <2.5 <.5 <2.5 <.05 44.8 <1

LR-6 LR-6 0–2 15 min. <1 <3 <15 <.1 <.2 <2.5 .93 <2.5 <.05 7.5 <1

43 days <1 3.1 <15 <.1 <.2 <2.5 1.64 <2.5 .11 5.4 <1

 4.2–5.2 15 min. <1 <3 <15 <.1 <.2 <2.5 2.08 <2.5 .06 16.0 <1

43 days <1 <3 <15 <.1 <.2 2.6 1.99 <2.5 .15 13.1 <1

LR-7 LR-7 0–2 15 min. <1 <3 <15 <.1 <.2 7.2 <.5 <2.5 .21 74.1 <1

43 days <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .10 60.2 <1

LR-7R 0–2 15 min. <1 <3 <15 <.1 <.2 7.0 <.5 <2.5 .14 30.6 <1

43 days <1 <3 <15 <.1 <.2 12.7 <.5 <2.5 .55 176 <1

SA-8 SA-8 0–2 15 min. <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .06 3.0 <1

43 days <1 4.7 <15 <.1 <.2 <2.5 <.5 <2.5 .10 2.9 <1

RM 743 1RM 743 15 min. <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .18 65.4 <1

43 days <1 <3 <15 <.1 <.2 <2.5 .98 <2.5 .07 45.4 <1

1RM 743-replicate 15 min. <1 <3 <15 <.1 <.2 <2.5 <.5 <2.5 .10 60.9 <1

43 days <1 <3 <15 <.1 <.2 7.5 2.5 <2.5 .28 118 <1

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia River on  
September 13, 2002 and analyzed as part of a previous study (Cox and others, 2005).
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Table 33.  Concentrations of lanthanide and actinide elements in supernatants from tumbling experiments using sediment cores and 
river sediment with slag from Lake Roosevelt.

[All concentrations are in micrograms per liter. Sampling time is elapsed time after mixing slurry. Abbreviations: cm, centimeter; min., minute.  
Symbols: <, less than]

Site  
identifier

Sample  
identifier

Depth 
(cm)

Sampling 
time

Cerium Dyprosium Erbium Europium Gado- 
linium Holmium Lantha- 

num Lutetium

LR-2 LR-2 0–2 15 min. 0.14 <0.04 <0.025 <0.025 <0.025 <0.025 <0.1 <0.5
43 days .12 <.04 <.025 .04 <.025 <.025 <.1 <.5

LR-3 LR-3 0–2 15 min. .24 <.04 <.025 <.025 .04 <.025 .18 <.5
43 days .17 <.04 .03 .07 .04 <.025 .13 <.5

LR-4A LR-4A 0–2 15 min. .36 .05 <.025 <.025 <.025 <.025 .24 <.5
43 days .08 <.04 <.025 .03 <.025 <.025 <.1 <.5

LR-5A LR-5A 
 

0–2 15 min. .12 <.04 <.025 <.025 <.025 <.025 .11 <.5
43 days .07 <.04 <.025 .04 <.025 <.025 <.1 <.5

4.7–6.2 15 min. .11 <.04 <.025 <.025 <.025 <.025 <.1 <.5
43 days <.05 <.04 <.025 .03 <.025 <.025 <.1 <.5

LR-6 LR-6 0–2 15 min. .07 <.04 <.025 <.025 <.025 <.025 <.1 <.5
43 days .07 <.04 <.025 .09 <.025 <.025 <.1 <.5

4.2–5.2 15 min. .11 <.04 <.025 <.025 .03 <.025 <.1 <.5
43 days .11 <.04 .03 .12 .03 <.025 .12 <.5

LR-7 LR-7 0–2 15 min. .26 <.04 <.025 <.025 .04 <.025 .24 <.5

43 days <.05 <.04 <.025 <.025 <.025 <.025 <.1 <.5

LR-7R 0–2 15 min. .20 <.04 <.025 <.025 <.025 <.025 .19 <.5
43 days .51 <.04 <.025 .03 .05 <.025 .55 <.5

SA-8 SA-8 0–2 15 min. .14 <.04 <.025 <.025 .03 <.025 <.1 <.5

43 days .16 <.04 <.025 <.025 <.025 <.025 <.1 <.5

RM 743 1RM 743 Surface 15 min. .14 <.04 <.025 <.025 .03 <.025 .15 <.5
43 days .06 <.04 <.025 <.025 <.025 <.025 <.1 <.5

1RM 743-
replicate

Surface 15 min. .11 <.04 <.025 <.025 <.025 <.025 <.1 <.5
43 days .25 <.04 <.025 <.025 .04 <.025 .31 <.5
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Site 
identifier

Sample 
identifier

Depth 
interval 

(cm)

Sampling 
time

Neody- 
mium

Praseo- 
dymium Samarium Terbium Thorium Thulium Uranium Ytterbium

LR-2 LR-2 0–2 15 min. <0.05 <0.05 <0.09 <0.1 <1 <0.045 <0.5 0.03
43 days .09 <.05 <.09 <.1 <1 <.045 43.6 .04

LR-3 LR-3 0–2 15 min. .10 <.05 <.09 <.1 <1 <.045 <.5 .04
43 days .11 <.05 <.09 <.1 <1 <.045 53.6 .04

LR-4A LR-4A 0–2 15 min. .17 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days <.05 <.05 <.09 <.1 <1 <.045 9.9 <.025

LR-5A LR-5A 
 

0–2 15 min. <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days .08 <.05 <.09 <.1 <1 <.045 2.0 <.025

4.7–6.2 15 min. .09 <.05 <.09 <.1 <1 <.045 1.2 <.025
43 days <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

LR-6 LR-6 0–2 15 min. <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days .12 <.05 <.09 <.1 <1 <.045 21.8 <.025

4.2–5.2 15 min. .10 <.05 <.09 <.1 <1 <.045 6.8 <.025
43 days .10 <.05 <.09 <.1 <1 <.045 30.2 <.025

LR-7 LR-7 0–2 15 min. .12 <.05 <.09 <.1 <1 <.045 .81 <.025

43 days <.05 <.05 <.09 <.1 <1 <.045 6.9 <.025

LR-7R 0–2 15 min. .09 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days .42 .10 <.09 <.1 <1 <.045 21.8 .04

SA-8 SA-8 0–2 15 min. <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days <.05 <.05 <.09 <.1 <1 <.045 8.13 <.025

RM 743 1RM 743 Surface 15 min. .10 <.05 <.09 <.1 <1 <.045 <.5 <.025
43 days <.05 <.05 <.09 <.1 <1 <.045 <.5 <.025

1RM 743-
replicate

Surface 15 min. .08 <.05 <.09 <.1 <1 <.045 <.5 .03
43 days .18 <.05 <.09 <.1 <1 <.045 <.5 <.025

1RM 743 is a sample of unsorted beach sand containing slag that was collected from river mile 743 of the Columbia River on September 13, 2002 and analyzed 
as part of a previous study (Cox and others, 2005).

Table 33.  Concentrations of lanthanide and actinide elements in supernatants from tumbling experiments using sediment cores and 
river sediment with slag from Lake Roosevelt.—Continued

[All concentrations are in microgram per liter. Sampling time is elapsed time after mixing slurry. Abbreviations: cm, centimeter; min., minute.  
Symbols: <, less than]
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