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ABSTRACT

Twelve bottom sediments and three cores were collected in Juam reservoir for a study on transportation, which was
controlled by particle grain size (2 mm-200 pwm, 200-100 um, 100-50 pum, 50-20 pm, <20 pm), and vertical distribution of
heavy metals. Sediment cores were sliced into 2 to 5 cm intervals to measure heavy metal concentrations in interstitial
water and sediments with depth. Pb isotopic compositions of core samples were determined to calculate sedimentation
rate. Regardless of sampling sites, levels of heavy metals and trace elements in bottom sediments are nearly constant with
mean values of 14.9 ug/g for As, 0.81 ug/g for Cd, 30.7 pg/g for Cu, 34.7 ug/g for Ni, 63.3 Lg/g for Pb and 87.9 ug/g for
Zn. In general, Cu, Pb, Zn, Ni, and Cr in fraction of <20 um exhibit the highest concentration, but content of As is the
highest in grain size of 2 mm-200 wm and 200-100 um. Fe and Mn occur as the dissolved compositions of the highest
concentrations in interstitial waters and increase in their concentrations toward lower part of cores. On the contrary,
concentrations of Zn and Cu show the highest value in the uppermost part in cores, suggesting these elements are released
from reductive dissolution of hydroxides and oxidation of organic matters under different redox conditions. The highest
accumulations of Cu, Ni, Pb, and Zn contents in the sediment cores are observed at 0-4 cm layers, and concentrations of
Cu and Pb are especially high, implying these heavy metals are originated from anthropogenic sources. The apparent
sedimentation rate estimated using unsupported >'°Pb is 0.91 cm year™, corresponding about 10 cm sedimentation in total
depth since construction of Juam dam. These results will provide available information for management of bottom
sediment in Juam reservoir.
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Fig, 1. The site map for grab(@) and core( @) sampling in the
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Table 1. The total concentrations of heavy metals and trace elements in bottom sediments in the central areas of Juam reservoir [Lug/g]

sample No. As Cd Cr Cu Ni Pb Zn Mn
ALl 59 07 447 384 236 459 76.1 4041
A-1-2 14.7 1.4 57.9 322 343 85.4 83.0 671.7
A-13 27 14 50.9 323 356 64.9 89.0 716.4
A23 152 0.5 579 30.8 344 66.2 883 759.6
A-3-1 124 13 595 29.9 33.1 612 34.7 766.5
A-32 17.5 05 58.0 289 335 63.1 82.0 784.8
B-2-2 14.4 1.2 66.9 30.1 36.6 642 90.4 680.7
B-3-1 143 0.2 58.5 313 33.8 62.1 84.6 713.1
C-1-1 133 05 675 282 367 613 958 7377
C-1-2 16.9 08 754 271 389 548 913 647.1
C-2-2 145 0.7 69.6 292 387 66.0 97.1 6912
C-3-1 16.6 0.6 65.7 30.1 36.9 64.4 92.8 671.4
~ mean 14.9 0.8 61.8 307 34.7 63.3 87.9 687.0
stdev 39 04 78 29 40 9.0 6.1 98.8
min. 59 0.2 447 27.1 236 459 76.1 404.1
max. 2.7 1.4 754 38.4 389 853 97.1 784.8
Oneonamaated | - . 112443 2548 3519 2113 10032 .
3rd-4th order . 5454308 224+106 262+122 425+129 9141380  5424+220

stream sediments"

V95 5(2004)
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Table 2. Summary of size analyses of bottom sediments in the central areas of Juam reservoir (g (%)]

sample 2mm-200pum 200-100um 100-50pum 50-20um <20um Sum

Bottom A-1- 47(14.1) 104(31.1) 46(13.8) 69(20.7) 68(20.4) 334

Sediments C-3-1 12.5(8.7) 27.5(19.2) 36.5(25.5) 26.5(18.5) 40(28.0) 143

in Juam C-1-2 11.5(8.6) 26.5(19.9) 33(24.8) 24(18.0) 38(28.6) 133
reservoir A-2-3 7(5.4) 24.5(18.8) 22.5(17.2) 31.5(24.1) 45(34.5) 130.5

Table 3. The heavy metal and trace element concentrations in different grain size fractions of bottom sediments in the central areas of

Juam reservoir [ug/g]

Sample No. As Cd Cr Cu Ni Pb Zn Mn
A-1-1 (2mm-200pim) 828 0.00 26.36 8.95 955 13.39 2531 1408
(200-100um) 15.00 0.74 46.59 21.07 20.55 33.71 59.75 319.6
(100-50um) 17.06 1.08 51.07 3847 25.06 46.17 84.42 4022
(50-20pm) 17.93 0.77 4582 5292 24.68 5047 90.30 384.0
(20um-) 16.81 0.00 49.07 63.18 29.40 62.55 111.83 4284
A23 (2mm-200pm) 80.97 1.33 46.20 36.65 2937 60.52 89.57 7123
(200-10041m) 48.00 0.78 49.77 33.29 30.77 5842 85.37 827.8
(100-50um) 50.24 0.00 52.99 35.88 31.64 63.91 94.89 847.0
(50-20pm) 5237 1.16 54.39 39.48 33.15 64.79 101.92 733.6
(20um-) 46.49 0.33 59.08 47.18 3542 73.71 109.34 651.7
T C12 (2mm-200pm) 37.95 0.00 4435 19.43 23.14 43.40 71.82 4032
(200-100pm) 42.54 0.00 67.03 31.19 36.44 67.41 105.00 647.9
(100-50pm) 41.56 021 66.26 33.64 39.48 74.48 11438 685.3
(50-20um) 36.80 0.00 74.45 38.96 43.65 91.60 138.57 7434
(20um-) 30.78 0.00 83.90 4281 50.96 121.94 163.45 7203
G310 2mm-200um) 55.73 0.00 88.94 31.08 5033 129.64 137.59 8327
(200-100um) 41.94 0.00 93.70 30.63 51.70 135.84 142.07 986.0
(100-50pm) 37.01 0.00 94.85 32.48 5331 147.53 155.05 977.6
(50-20pm) 39.70 0.00 60.34 53.38 36.40 60.45 103.11 653.1
(20um-) 32.49 0.00 62.48 64.44 36.75 63.42 114.17 624.1
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Table 4. Comparison of heavy metal concentrations in different grain size fractions between 3"-4" order stream sediments and bottom
sediments in the central areas of Juam reservoir [ug/g]

grain size sediments type As Cd Cr Cu Ni Pb Zn
rean €S 271398 0001 93339 47116 5.5-11.3 100410 175524

2mm-200um mean 26.0 0.0 185 6.5 7.7 153 278
bogoy,  2N€S 82-809  000-133  263-889 8.9-36.6 9.5-50.3  13.3-129.6  25.3-137.5

mean 45.7 0.33 514 24.0 280 61.7 81.0
- "’S;am range  4.8-1995 0.0 17.1-55.7 8.6-31.3 86215 172-53.1 37.8-85.7

200-100m mean 379 0.0 339 173 13.1 26.6 59.2
ooy | 2NEE 150480 000-074 465937 210-332  205-51.7  33.7-135.8  59.7-142.0

mean 36.8 0.18 64.2 29.0 348 73.8 98.0
T sream  "Ze 60-3219 0006 214-684  225-1108 112287  222-845  59.4-1589

100-50m mean 56.3 0.1 41.6 54.6 173 41.2 106.0
ooy, TPge 170-502 000108 51.0-948 324-384  250-533  46.1-147.5  84.4-155.0

mean 36.5 0.32 66.2 35.1 373 83.0 112.1
T swream T range 73-2731  0.0-04 209964  27.64072 122338  344-1004  74.9-366.2

50-20um mean 554 0.1 48.1 163.3 20.9 57.9 186.7
oo "ANEE 179523 000-116 458744 394-53.3 246436 504916  90.3-1385

mean 36.7 0.48 58.7 46.1 344 66.8 108.4
rean €S 605132 3871 2961338 290.1-18034 222589 10212798 25329795

20um- mean 88.0 5.1 70.7 871.0 37.8 154.3 499.2
oo '2Nge 168464 0.00-033 490839 428644  294-509  625-121.9 109.3-163.4

mean 31.6 0.08 63.6 54.4 38.1 80.4 124.6
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331 HIE U 1559 S5 I

O FY textureS AHEH FH 8115 cmVRHE
AE R AEAZ PA=0] glof FLH F2 o1F F
e 34 HHEE YA AT O o)3le) ¥3E
& ARdo] goly b % o) BEY o sMEF
EE A9t

24=479] Cd, Cu, Pb, Zn, Fe ¥ Mn F 2423}

o oJ3hd, 8& Av SoIM KT Tl =& das
Feot MnolH, 55 4 ezt Cwr} ATiE
o7 =8 Aog eRITHTable 5).

Feo} M2 Atsh2hl d9je) AAAAEHN Foprme]
FROA BRR s o] STk 7] vERY
W, Al 9] wglel mke faiahea) 2 &
XS HAFT)h FoPAF B-3-194] 353} 715500 &
E Feot Mnol FHFS 47 8.11-1847 mg/l %
245-499 mg/lLelH, FOMEY 10-12.5 cm THA
7V =& e UePIthFig. 3). FoMIE C-1-29] 7
£, Z} 17.5-20 cm®} 3540 cm TIHA £ Fest
Mn &kl k2t Al 26,519 1024 mg/lL.e 7=t
(Fig. 4).

Table 5. The heavy metal and trace element concentrations in interstitial water extracted from bottom sediment cores in the central areas

of Juam reservoir [mg/1]

Sample No. Depth(cm) Cd Cu Pb Zn Fe Mn
2 0.0019 0.0278 - 0.0284 8.95 275
4 0.0021 0.0130 - 0.0198 12.80 2.94
6 - 0.0043 - 0.0130 10.85 245
B-3-1 8 0.0025 0.0179 - 0.0220 1751 2.67
10 0.0015 0.0025 - 0.0111 10.16 3.04
125 0.0016 - - 0.0153 18.47 499
15 0.0021 0.0027 - 0.0194 8.11 4.28
o 2 - 0.0098 0.0228 0.0200 0.88 264
4 - 0.0087 0.0202 0.0211 0.40 468
6 - 0.0075 - 0.0081 0.32 5.22
8 - 0.0042 - 0.0090 0.52 6.02
10 - 0.0058 0.0214 0.0138 0.23 457
12.5 0.0022 - 0.0223 0.0120 12.11 8.36
Co12 15 - - 0.0193 0.0100 7.52 7.56
175 0.0038 0.0113 0.0168 0.0103 1531 7.57
20 0.0019 0.0062 0.0169 0.0064 16.42 8.40
25 - 0.0085 0.0220 0.0051 752 7.57
30 0.0027 0.0087 - 0.0120 10.17 7.46
35 0.0018 0.0082 - 0.0087 5.81 6.66
40 0.0053 0.0031 - 0.0112 26.51 10.24
45 0.0032 0.0046 - 0.0107 19.86 7.92
T 2 - 0.2016 0.0243 0.0180 0.14 2.61
4 - 0.0322 0.0235 0.0220 0.96 2.36
6 - 0.5960 - 0.0643 044 202
8 - 0.1671 - 0.0471 2.58 1.79
10 - 0.0555 - 0.0356 222 1.64
B2 12.5 - 0.0504 - 0.0261 3.09 2.56
15 - 0.1084 - 0.0499 1.79 2.60
175 - 0.1746 - 0.0174 275 273
50 0.0033 0.0300 - 0.0794 0.15 2.77
55 - - - - - -
60 - - - - - -
65 - - - - - -
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Fig. 4. The vertical distribution of heavy metal concentrations
(mg/L) in interstitial water extracted from the bottom sediments
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Fig. 5. The vertical distribution of heavy metal conczntrations
(mg/L) in interstitial water extracted from the bottom sediments
(B-2-2).

Fig. 3. The vertical distribution of heavy metal concentrations
(mg/L) in interstitial water extracted from the bottom sediments
(B-3-1).
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Zod 5A HARNNS) FAH FP4 B4 WppE ol 8T HASEA 51

o) 2314t FoE B-3-19] HAE U] Cu, Ni, Pb
2 7n ] A2 BIE 04 cm 7O EFHE3F
(Surface enrichment) @4Jo] Fa= o, EHH oF
Alsh8lgl g o] Wiglol] mpE Sakgo] 23l o)s ¢
0] Ao sl wlEo|th(Fig. 6). ZoM B2 EW
ANx Zn? Ni FFE FUE U Feidel od=A &
o AA7)1Y 3 HAET 347 A sEHE 3
2t Ao fAkEICE Pt Cu ke ool BAIglo]
342} A ERES] FarE dA5) 22 Ae=m |
et} ole FIHeE FE EAEC] 34 nige) F
=7 A] ol g gelr olF fae] ool FrHHoR

M QIThe 248 ARt A HES] EFF Cr
ke FoRAE 8-10 cmellM AEE FFEH 2322 pny
2y AL, 343 FAEHES il A A
TS Holir glom, AlF Al5e] Zojo| FAIgle] A
o 4%t TS vehlla Ao

FOME C-1-200A%, Cu, Pb L Zn®] FHZASA}
o] #FESUHFig. 7). Cr © Ni ] ¢33 Exs
M2 FARE AOFE UERGO™, 8-25 cm FRilA &Rt
A Hdl S Holal rt. o] AlF AlZeME Zn}
Ni g3 3-43 4] E2E2] ol o] du) fA}
3 Aoz yehgon], pbit Cu TR 343 24 54

Table 6. The heavy metal and trace element concentrations in sediment cores in the central areas of Juam reservoir [[tg/g]

Sample No. Depth(cm) As Cd Cr Cu Ni Pb Zn Mn
2 13.95 - 53.49 50.04 31.89 70.20 88.32 75722

4 16.62 - 56.01 42.03 3111 68.58 86.13 681.6

6 2436 0.075 52.23 4227 29.76 67.29 80.37 706.2

B-3-1 8 16.56 - 51.03 38.94 28.86 63.24 80.55 692.4
10 21.96 - 2322 36.45 28.20 5991 77.19 743.7

12.5 25.38 - 48.84 37.86 2727 62.97 87.99 797.1

15 22.92 0.288 58.14 33.99 30.48 60.90 84.18 788.1

S A T 1246 0972 62.85 40.65 3201 68.85 90.03 694.8
6 12.98 0.552 64.20 39.00 32.76 65.91 86.70 694.5

8 1225 0.522 61.05 36.96 31.50 63.03 82.95 664.2

10 12.20 0.975 68.31 42.81 33.57 63.63 88.65 693.0

125 11.84 1.224 67.95 34.47 32.67 57.54 85.41 661.8

15 9.92 1.230 65.76 37.86 31.98 55.56 85.05 628.8

C-1-2 175 9.82 1.887 68.52 3261 34.47 57.09 89.10 636.6
20 11.47 1.011 66.66 3225 3243 54.57 82.92 634.8

25 12.47 1.359 68.01 29.73 33.39 55.20 85.08 647.1

30 12.77 0.969 64.65 2736 31.68 52.89 86.22 6387

35 12.56 1.248 59.16 29.40 29.52 52.38 80.58 636.6

40 9.38 1.026 58.71 27.54 29.97 5475 82.29 600.3

45 12.68 0.552 54.18 32.10 28.38 56.34 78.42 608.7

o 4 9.19 0.726 5298 10014 2433 92.13 10242 5244
6 9.36 0.18 51.48 4098 24.60 72.03 73.41 5244

8 9.80 0.225 55.56 356.4 28.02 80.25 73.80 576.6

10 9.57 0.297 62.43 4182 31.29 72.06 80.55 601.5

125 8.72 1.023 69.66 4104 3435 70.68 79.23 6432

15 8.02 0.987 66.24 497.4 31.68 74.88 85.05 6273

17.5 8.17 0.936 69.57 570.6 25.32 5592 10161 4347

20 8.38 0.120 64.77 742.8 23.49 50.79 73.41 3795

B-2-2 25 8.10 - 5271 747.6 21.18 5892 78.03 3789
30 8.65 - 56.10 987.0 19.38 61.20 59.94 3747

35 8.97 - 55.20 739.8 21.33 4845 59.73 480.3

40 9.33 0.666 59.31 3534 23.61 54.24 78.45 606.3

45 8.33 0.828 50.31 373.8 19.05 4575 70.11 486.3

50 8.86 1.038 59.19 507.6 23.88 53.46 31.63 747.0

55 12.28 - 62.58 505.8 2424 55.53 77.07 789.3

60 11.67 0432 59.55 378.0 23.85 54.48 81.39 779.1

65 10.58 0.456 75.63 366.0 29.25 50.70 79.74 5784
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Fig. 6. The vertical distribution of heavy metal concentrations ([lg/g) in the bottom sediments (B-3-1).
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7t dAHAE AR sl AFHE Zopr| gl gk
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FoME C-55 Alefslar, 342} FA 9 FA57F A
Ae e FZoWrsEL Cud] F3F B4 548 A
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12-16 cm TZlA Cu FAE o] T3l TS ATH
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o] EHzE ¥ FEald fUIEAR sl 8259
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A el FEEH S7HES AXse FeE afad
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2 8 om AR AE ovigitt. o) U AR
ARl sk HgE Aegiko 2RE f4AE HA
of o3t &kl Fo = WD, Forg C3HAME
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Table 7. The heavy metal and trace element concentrations in sediment cores in the border of Juam reservoir [pg/g]

Sample No. Depth(cm) As Cd Cr Cu Ni Pb Zn Mn
2 - - 579 110.5 35.1 73.5 117.4 276.1
4 - - 49.8 84.8 29.8 55.8 86.6 239.7
6 - - 579 152.1 30.8 56.0 84.9 2299
10 - - 584 158.6 302 55.5 85.9 237.6
C3 12.5 - - 56.9 1053 292 46.1 733 257.1
15 - - 71.2 140.9 33.1 58.0 88.9 312.6
17.5 - - 457 84.5 25.0 39.8 69.8 259.1
20 - - 72.9 66.5 34.6 54.8 88.1 382.1
25 - - 65.6 335 32.0 49.8 76.5 361.6
2 14.3 1.9 328 77.5 329 73.0 96.0 449
4 17.0 33 325 92.7 23.6 614 121.3 488
6 15.7 1.9 312 75.1 22.7 65.2 84.8 495
8 11.9 2.5 334 116.8 20.6 49.4 82.6 535
C4 10 10.2 1.3 313 123.1 18.1 455 594 632
12 11.1 2.3 33.6 151.8 19.2 435 59.6 620
14 6.4 1.7 382 150.3 20.3 453 64.7 552
16 5.5 1.5 369 218.6 19.7 42.5 56.3 458
18 55 1.4 36.3 104.6 20.3 41.7 52.5 920
2 8.6 2.6 48.4 242.9 254 64.8 109.9 301
4 8.1 22 484 2722 249 80.3 109.2 286
6.3 2.8 51.5 418.6 242 58.2 112.1 279
C.5 8 6.9 2.4 55.9 276.3 26.8 58.6 105.2 301
10 4.6 3.1 61.0 288.5 29.6 80.7 131.1 293
12 6.8 2.7 594 173.1 29.2 62.2 106.2 299
14 6.1 25 60.7 204.8 28.4 65.8 128.0 297
16 6.8 2.6 62.8 173.8 359 534 91.6 300
2 8.4 33 54.8 98.2 262 50.7 92.7 382
4 6.2 24 512 72.9 24.1 533 88.7 350
6 58 2.7 51.9 81.6 24.8 53.2 96.3 368
8 6.7 3.1 479 109.7 223 54.6 853 344
6 10 6.8 24 471 366.0 20.8 51.7 80.4 332
12 6.4 1.9 445 5472 26.3 53.8 80.0 332
14 5.4 2.4 47.0 3312 330 50.0 80.3 302
16 6.9 23 46.9 237.3 246 49.8 88.2 339
18 123 24 54.2 136.5 30.9 533 85.3 452
20 11.8 36 61.7 230.0 338 719 118.0 444
2 - - 55.6 484 36.5 56.5 92.2 474.6
4 - - 374 34.4 25.1 392 70.1 285.6
6 - - 53.4 49.1 325 59.2 80.4 380.1
8 - - 54.0 70.6 36.7 59.1 86.5 377.6
C-7 10 - - 47.7 804 30.7 51.6 73.7 298.1
125 - - 61.4 42.6 34.7 552 77.0 354.6
15 - - 43.6 39.2 245 415 57.3 276.6
17.5 - - 42.8 44.6 26.0 39.1 58.6 274.6
20 - - 46.4 40.2 249 41.7 59.3 283.6

A HA2 A% AR U 2 TR ARAGES)  domwE fu@ch AAH s 2} e,
WslE olalal] YAl olF WM WEe] Al9le & aF shit uly] SolA 2Rae] ol ol B
slo} @tk A% A= W] 2 ZolMs 2opb XS] & HoEA] “unsupported ZoPb" 2L F2ni, o] o]
F19E THI, ol5e 2 AAQ] Vi Q91 71 St HARe) ARS AN E T Sus
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Table 7. (coninued)

Sample No. Depth(cm) As Cd Cr Cu Ni Pb Zn Mn
2 4.1 2.0 36.8 251.8 232 48.5 66.6 258
4 25 1.3 319 1375 174 37.9 62.4 212
6 2.5 2.0 338 126.7 18.8 47.0 67.8 215
8 2.5 1.3 32.8 130.0 8.1 36.5 62.4 208
10 2.9 2.1 36.3 164.6 22.7 43.1 68.2 224
C.8 12 2.6 1.9 353 1455 19.2 374 70.6 251
14 32 14 32.6 127.6 19.3 36.8 64.6 219
16 35 1.8 36.9 241.0 209 36.5 67.1 240
18 3.1 1.6 338 280.7 18.8 328 62.8 225
20 31 1.9 364 283.6 209 36.5 719 264
22 4.1 13 312 178.4 189 31.1 64.3 228
24 43 3.1 357 2254 244 43.0 96.2 280
- 2 17.2 2.8 58.9 94.6 36.4 62.3 94.4 480
4 16.6 2.7 58.8 105.6 33.1 583 95.6 425
6 133 23 55.5 86.4 314 64.6 90.8 354
8 14.1 27 61.1 721 35.0 63.4 94.7 350
C9 10 14.1 3.1 62.0 116.8 335 654 91.0 336
12 10.8 1.9 63.0 166.7 33.8 59.2 94.9 342
14 9.1 0.6 63.9 2354 324 49.5 92.6 336
16 13.3 2.3 66.3 316.2 353 54.1 75.4 327
18 16.7 3.1 73.0 153.9 36.3 51.0 82.7 368
20 15.6 27 67.3 284.6 339 48.5 705 360
2 - - 44.5 68.4 26.7 388 784 182.1
4 - - 41.5 64.1 24.8 375 71.1 1733
6 - - 46.9 87.5 25.8 376 65.7 158.0
C-10 8 - - 53.0 140.2 30.5 345 67.9 167.2
10 - - 53.6 135.8 26.9 403 70.7 168.9
125 - - 69.1 132.0 294 448 714 187.5
15 - - 59.9 110.5 28.4 40.9 732 1704

“supported *Pb” B}t 3P, ol AFE HEE o) Table 8. 2'°Pb concentrations and sedimentation rate in the

EAShe PRaZHE 4" PRn9] BiHEClT) o]9}
= HE I$1AR] 7)919] 29phe AIPAVERRE A
2 A e WM g3e] IR H7IEERE &
Bl

“supported 2'Pb"2 UA3 e Zeria M S
Ptk FEH TFA HHE AIF ARAME <F 175
e E] A Y78g 2%Pb kg 7FRITH(Table 8). webA]
olE2] HHZLE “supported >'°Pb” 22 AIAT} Fig
9ol 7+ &0 oo W 271 2H| Y] ?°Pb excess
activities (“unsupported 2'°Pb” activities)® EA]3}HT}.
7)1 excess 'Pb - Z} Folld EHE YOPb
X “supported *'°Pb” S Wk Frolok HEZF Fig. ool
CF:CS 2°Pb model (constant flux : constant sedi-
mentation rateyS 283} Aojz IHio] FAHo]
21tH(Robinson et al., 1978). ©] RUoAE EZE9]
AR FUEH, BAEEE GRSt 78t o]

sediment core (B-2-2)

Sedimentation rate

Depth (cm)  %'%Pb (mBg/g)

(cm/year)
0-2 230.8+11.8
4-6 213.6+14.0
8-10 167.6112.6 091
12.5-15 177.0+6.8
17.5-20 57.5x6.5
45-50 583147
H 79 CF:CS 9% Ed& Mg 22 “unsupported

Mpygkd) Zlole] FAE Ao s FL BAE R
7] WFolck. $19] 7Fgol we), Zo] z (cm) Ix<]
excess 21%Pb #%] A(z) (Bg/kgye U3} Zth
A%
A(z)=Ao-e

714 Ao (Bgkgye Z°] 0 EFEE ZAH)elA 7}
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Fig. 9. The *'°Pb excess logarithmic profile in the sediment layers
of the core B-2-2.
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