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Specifications table

Subject area Environmental Sciences

More specific subject area Rare earth elements (REEs) pollution in sediment of Linggi River

Type of data Tables and figures

How data was acquired Neutron Activation Analysis (NAA) and Inductively Coupled Plasma — Mass Spectrometry
(ICP-MS) -Model Elan 6000, Perkin Elmer.

Data format Raw and analysed

Experimental factors Linggi River sediment samples compared to several reference shale values. The enrichment

factor (EF) was applied to identify the enrichment of REEs in Linggi sediment and possible
sources of pollution.

Experimental features Determination of REEs such as La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm, Yb and Lu
concentrations.

Data source location Linggi River sediment of Negeri Sembilan, Malaysia

Data accessibility Data is in this article

Related research article B.S. Kamber, A. Greig, K.D. Collerson. 2005. A new estimate for the composition of weathered

young upper continental crust from alluvial sediments, Queensland, Australia, Geochim.
Cosmochim. Acta. 69, 1041—1058. https://doi.org/10.1016/j.gca.2004.08.020.

Value of the Data

o The dataset is presented on the concentrations of rare earth element (REEs) in the sediments of Linggi River which can
serve as a baseline for future references.

o Normalization of Linggi sediment to several reference shale values showed Linggi sediment samples are comparable to
MUQ reference shale value.

o This data is useful to identify the major REEs pollution in Linggi River sediments.

1. Data

Composition and average of particle size of Linggi River sediment are depicted in Fig. 1. Major
compositions of Linggi River sediment are silt > sand > clay. The average of particle size of Linggi River
sediment was less than 35 pm in all sampling locations (Fig. 1). High content of clay and silt (particle
size average < 63 um) in sediment is adequate for analysis of elemental content including rare earth
elements concentration. Sediment chart and plotting results of textural classification of the Linggi River
sediment is depicted in Fig. 2. The texture of Linggi River sediment can be classified as slit and silt loam
(Fig. 2).

Light rare earth elements (LREEs) consist of La, Ce, Pr, Nd, Sm and Eu whereas heavy rare earth
elements (HREEs) consist of Gd, Tb, Ho, Er, Tm, Yb, and Lu. The results obtained for the statistical
summary of the minimum (min), maximum (max), mean, total concentration of each element, =REE,
SLREE, and SHREE of sediment samples that were collected from 113 locations of Linggi River are
tabulated in Table 1. Generally, LREEs were the major concentrations contributing to =REE in Linggi
River sediments. The SLREE in Linggi River sediments were higher than SHREE, indicating the LREEs in
the sediment may have originated from terrigenous and riverine sources. The analytical results of
standard reference material (SRM) and experimental values of IAEA SL-1 and BHVO-1 are tabulated in
Table 1. The relative bias (%) values of REEs range from —18.9 to 14.2%. The relative bias of the REEs are
within the range of the acceptable values (<+20%) [1,2].

REEs in Linggi sediments are normalised to several reference shale values such as post-Archaean
Australian Shale (PAAS), mud from Queensland (MUQ), Archaean shale, North American Shale Com-
posite (NASC) and upper continental crust (UCC) as shown in Fig. 3. The data of reference shale and
Linggi sediment values of REEs and the ratio of Linggi sediment to other reference values are tabulated
in Table 2. The REEs data from Linggi sediment display almost a flat pattern normalised to MUQ
reference shale values, with REEs values of 0.8—1.60 except for Yb and Lu (Fig. 3). This indicate the
Linggi sediment are comparable to the MUQ reference values due to not much fluctuation of REEs
compared to the other reference values such as PAAS, Archaean shale, NASC and UCC.
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Fig. 1. Composition and average of particle size of Linggi River sediment.
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Fig. 2. Plotting results of Linggi River sediment textural classification.

The enrichment factor (EF) is frequently used to evaluate the possible addition of an anthropogenic
component and lithogenic processes [7—10]. The calculation of the enrichment factor (EF) of Linggi
sediment is according to Eq. (1).
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Table 1
The elemental concentrations (mg/kg), LREE, HREE, total REE, and statistical summary of REEs in the sediments of Linggi River.
Location La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu LREE HREE Total
REE
L001 37.1 115 11.6 317 747 093 521 085 103 179 045 3.61 054 204 135 218
L002 203 882 100 219 431 052 429 053 064 1.08 026 259 036 145 9.74 155
L003 741 161 129 653 127 075 786 125 069 182 036 5.06 071 327 17.7 344
L004 215 647 379 319 4.01 057 236 016 027 0.77 017 157 023 126 5.53 132
L005 729 138 199 513 138 0.73 127 152 100 254 046 5.69 083 297 247 321
L006 158 171 309 110 395 1.17 222 437 235 360 069 146 192 511 49.7 561
L007 690 136 284 588 180 221 162 270 579 106 282 113 1.60 312 509 363
L0O08 56.2 131 176 450 149 155 994 225 337 6.14 167 992 145 266 34.7 301
L0O09 568 109 215 616 143 135 119 2.02 398 724 193 948 133 265 37.8 303
LO10 458 112 153 536 102 090 6.74 128 153 276 071 5.61 084 238 195 258
LO11 53.7 112 192 614 129 100 800 197 195 359 095 112 162 260 293 289
LOo12 441 985 164 547 116 1.04 8.16 1.72 229 416 112 871 127 226 274 254
LO13 446 117 181 565 121 133 936 193 280 489 136 917 130 249 30.8 280
LO14 583 124 189 815 151 1.03 696 221 189 347 095 118 1.72 299 29.0 328
LO15 437 949 110 621 116 106 893 153 166 498 079 698 1.10 224 26.0 250
LO16 46.0 106 106 536 120 124 9.07 171 174 511 084 8.01 1.08 229 27.6 257
LO17 45.2 100 128 416 121 092 959 153 155 459 076 9.09 1.16 212 283 241
LO18 44.0 113 935 366 129 141 830 1.67 1.64 477 081 826 1.09 217 265 244
LO19 41.0 102 893 265 110 110 7.72 136 149 429 072 698 083 191 234 214
L020 429 100 763 291 114 111 653 150 129 377 064 837 113 193 232 216
L021 418 970 958 252 116 112 918 135 190 559 100 6.89 086 186 268 213
L022 476 117 13.0 382 126 138 113 151 218 640 1.13 840 099 230 319 262
L023 382 87.7 823 256 998 095 634 129 114 336 056 759 091 171 21.2 192
L024 47.6 105 104 595 121 100 876 1.77 171 500 083 7.63 114 235 26.8 262
L025 40.2 912 981 272 108 098 7.79 149 141 415 069 8.08 1.06 180 247 205
L026 444 108 112 275 124 122 962 154 190 551 092 835 1.02 205 288 234
L027 441 102 13.0 334 117 102 995 145 167 494 081 8.09 095 206 279 233
L028 436 100 996 509 111 103 786 146 142 421 069 6.99 1.02 217 23.7 240
L029 369 114 735 351 883 144 507 131 112 276 055 7.72 111 204 19.6 224
L030 440 864 106 359 104 158 7.11 194 160 391 077 558 087 189 21.8 211
LO31 41.0 102 947 609 100 094 7.72 119 137 404 065 505 072 224 20.8 245
L032 456 124 986 294 968 123 635 1.09 132 322 062 541 061 220 186 239
L0O33 49.0 100 763 330 8.04 102 417 084 076 185 034 332 056 199 119 211
L034 294 624 806 194 629 0.78 481 068 086 212 041 394 067 126 13.5 140
LO35 57.2 66.1 120 389 9.16 1.19 653 1.04 124 3.00 057 4.87 067 185 179 202
LO36 404 921 105 182 864 1.02 724 097 110 3.12 051 491 065 171 185 189
L037 454 952 106 258 109 122 880 1.17 150 430 0.71 6.04 064 189 232 212
LO38 452 101 104 274 943 124 765 106 115 332 054 525 066 194 19.6 214
L039 396 992 108 305 861 114 757 125 123 357 059 549 083 190 20.5 210
L040 422 908 109 348 0914 1.17 800 1.03 130 3.74 062 494 060 189 20.2 209
L041 40.7 799 816 388 870 1.08 635 120 1.03 298 049 527 072 177 18.0 195
L042 525 994 125 346 950 126 633 118 133 245 059 474 066 210 173 227
L043 49.7 103 128 423 108 135 766 146 165 3.07 077 599 080 220 214 241
L044 39.7 770 983 343 852 106 690 1.11 1.06 202 050 497 068 170 172 188
L045 46.5 924 992 274 986 126 545 125 131 249 062 554 078 187 174 205
L046 421 89.7 107 395 998 121 6.14 139 149 280 070 553 072 193 188 212
L047 404 896 856 322 924 132 490 133 123 235 059 610 084 181 173 199
L048 43.1 103 149 398 105 143 6.75 143 187 335 090 649 084 212 216 234
L049 389 833 102 380 897 1.17 468 127 131 236 064 601 0.79 181 171 198
LO50 51.7 113 991 391 119 157 472 163 133 240 065 745 1.02 227 19.2 246
LO51 776 169 159 704 153 120 109 177 145 420 066 990 1.13 349 30.1 379
L052 101 177 147 851 179 1.04 950 158 1.18 333 056 815 080 397 251 422
L053 47.8 118 943 381 979 125 7.83 121 148 431 071 685 0.73 224 231 247
L054 337 809 515 415 721 102 387 080 069 200 033 527 056 169 135 183
L055 464 114 784 563 922 135 654 1.13 116 349 057 736 0.75 236 21.0 257
L056 444 119 7.72 281 886 098 635 089 1.16 346 0.57 444 0.74 209 17.6 227
L057 43.7 114 8.01 377 906 1.06 664 1.15 124 370 0.61 540 1.06 214 198 233
LO58 57.7 148 3.72 512 103 230 398 128 087 259 042 478 082 273 14.7 288
L059 524 138 7.73 382 102 116 726 1.18 155 485 0.77 489 090 248 214 269
LO60 555 127 343 368 947 177 3.00 112 057 172 028 492 090 234 125 247
LO61 46.7 132 111 526 119 066 827 174 123 361 058 6.70 1.06 255 232 278
L062 552 153 126 773 159 1.06 955 171 154 444 069 484 088 315 23.7 338

L063 429 133 101 496 113 084 738 145 115 333 053 533 093 247 201 267
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Table 1 (continued )

Location La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu LREE HREE Total
REE
L064 369 107 115 425 946 080 722 1.05 172 420 051 425 072 208 19.7 227
L065 325 100 106 376 9.17 060 800 149 160 390 050 491 094 190 213 211
L066 347 919 133 331 784 058 855 140 120 345 057 530 089 181 214 203
L067 506 134 114 510 11.0 078 898 156 129 394 062 588 099 258 233 282
L068 471 124 136 404 964 084 11.1 120 1.62 471 072 375 076 235 239 259
L069 332 892 150 373 7.17 054 124 115 178 549 088 433 079 182 269 209
L070 385 102 861 430 858 046 585 132 068 210 033 638 1.08 201 17.7 219
L071 438 106 11.1 417 9.06 135 848 139 134 405 063 483 079 213 215 235
L072 436 115 113 388 927 136 884 153 143 435 067 499 089 219 227 242
L073 469 123 125 400 992 127 839 153 191 437 090 5.02 086 234 23.0 257
L074 478 129 135 449 103 132 905 151 210 4.82 099 4.01 089 247 234 270
LO75 470 119 135 423 973 122 877 126 206 474 098 476 078 232 233 256
L076 513 129 165 366 100 186 959 142 196 448 092 550 091 245 248 270
L077 441 111 141 347 927 109 903 131 213 489 1.01 428 074 214 234 237
L078 394 103 811 411 824 136 581 131 090 268 042 4.53 087 201 165 217
L079 439 107 950 30.5 882 123 718 123 119 354 056 491 078 200 194 220
L080 372 848 101 272 802 124 687 129 087 263 041 480 084 169 17.7 186
L081 53.1 147 103 533 106 145 6.81 177 091 251 043 837 123 276 220 298
L082 526 130 102 451 105 159 721 162 1.17 320 056 727 095 250 220 272
L083 354 962 592 389 772 090 506 138 0.56 170 027 740 1.16 185 17.5 203
L084 414 119 755 481 815 131 617 146 071 218 034 770 109 225 196 245
L085 519 144 9.08 417 950 164 816 139 101 3.08 048 564 048 258 202 278
L086 543 140 621 506 994 218 711 141 097 293 046 6.67 093 263 205 284
L087 480 123 460 469 892 179 589 131 071 218 034 533 055 233 163 249
L0838 454 120 467 600 916 113 512 115 056 169 026 579 084 241 154 256
L089 412 106 109 365 744 112 773 100 1.04 320 050 523 079 203 195 223
L090 513 131 109 418 873 162 785 132 111 337 051 509 079 245 200 265
L091 70.8 140 172 774 138 163 121 342 131 4.05 063 105 144 321 334 354
L092 502 140 938 478 103 151 731 153 111 335 054 751 1.03 260 224 282
L093 498 135 911 437 984 133 682 162 093 282 044 742 110 249 212 270
L094 454 130 888 464 9.01 155 688 139 1.06 3.17 050 6.10 0.74 241 19.8 261
L095 495 128 115 352 989 187 974 121 170 509 082 630 053 236 254 262
L096 783 147 108 782 155 179 860 324 173 500 075 11.8 158 332 327 365
L097 471 124 997 377 914 176 793 104 130 389 061 546 044 230 207 251
L0938 548 138 104 429 113 184 937 151 177 532 085 7.17 061 259 266 286
L099 51.1 130 10.0 405 9.09 187 814 1.05 129 392 060 503 040 242 204 263
L100 53.7 131 101 370 103 174 818 108 129 396 061 571 053 244 214 265
L101 484 124 874 384 844 168 669 098 094 283 044 566 070 229 182 247
L102 535 142 984 395 109 153 781 131 108 322 050 7.89 127 258 231 281
L103 534 135 100 465 106 159 811 121 125 378 059 505 050 257 205 277
L104 486 134 989 362 991 178 841 1.11 132 396 061 6.15 054 240 221 262
L105 422 100 828 348 847 149 683 095 1.06 3.18 049 471 060 195 178 213
L106 468 108 921 284 951 171 790 052 128 3.88 060 517 046 203 19.8 223
L107 50.1 133 981 365 102 171 798 117 128 383 0.61 550 065 241 21.0 262
L108 47.6 120 825 394 925 178 658 1.04 099 299 046 499 0.70 227 17.8 244
L109 48.2 127 948 371 931 185 7,55 099 1.09 330 051 502 072 233 19.2 252
L110 424 927 841 405 689 125 7.02 115 107 324 050 446 057 192 18.0 210
L111 522 76,5 853 349 857 098 7.07 1.09 1.01 3.05 047 408 058 182 174 199
L112 464 936 852 376 769 084 731 097 107 323 050 4.02 058 195 17.7 212
L113 482 102 8.14 327 821 143 682 104 1.03 3.07 047 414 056 200 171 218
N 113 113 113 113 113 113 113 113 113 113 113 113 113 113 113 113
Min 203 624 34 182 401 046 236 016 027 077 017 157 023 126 5.5 132
Max 158 177 309 110 395 230 222 437 579 106 282 146 192 511 509 561
Sum 5461 12849 1242 4836 1180 142 877 157 158 410 746 706 979 25709 2481 28191
Mean 483 114 11.0 428 104 126 7.76 139 140 363 066 625 087 228 220 249
Standard 140 210 039 136 034 0.04 023 0.05 006 0.12 003 019 0.03 479 059 519
error
Variance 221 499 172 209 129 014 599 027 045 169 0.11 425 009 2593 40.0 3039
Standard 149 223 414 145 359 037 245 052 067 130 033 206 029 509 63 551
deviation
Median 464 112 101 391 99 123 766 131 129 347 060 558 083 224 21.0 245

25 percentile 422 993 87 348 89 102 656 1.13 1.06 283 050 492 067 194 18.0 213
75 percentile 515 130 125 489 113 152 877 153 163 430 076 744 1.03 247 238 269

(continued on next page)
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Table 1 (continued )

Location La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu LREE HREE Total
REE

Coefficient of ~ 30.8 196 377 33.8 343 296 315 375 480 358 497 330 337 224 288 221
variation

Detection limit 0.001 0.50 0.05 0.01 0.005 0.001 0.02 0.001 0.001 0.001 0.001 0.001 0.001 — - -
SRM Certificate 52.6% 117* 18* 43.8% 925% 1.60% 6.40* 1.40% 0.99* 2.42* 0.33* 3.42* 0.54% — - -
value

SRM Analysis 459 99.1 146 426 101 167 731 126 111 266 037 341 045 — - -
value

Relative bias (%) —12.7 —153 —18.9 —-2.75 9.19 470 142 -10.1 11.7 9.77 110 -039 —158 — - -

Standard reference materials (SRM) values were obtained from IAEA SL-1 (#) and BHVO-1 (*) certificate.
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Fig. 3. Normalization of Linggi sediment to other reference values of REEs.

Table 2
Linggi sediment, reference values (MUQ, PAAS, Archaean shale, NASC and UCC) of REEs and normalization ratios of Linggi
sediment to reference values REEs.

La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu

Linggi sediment 483 114 110 428 104 126 776 139 140 363 066 625 087
MUQ® 325 711 846 329 688 157 636 099 122 337 051 325 049
PAAS®) 380 800 890 320 560 110 470 077 100 290 040 280 043
Archaean shale®” 200 420 490 200 400 120 360 057 074 210 030 200 031
NASC(© 320 730 790 330 555 124 520 085 1.04 340 050 3.10 048
ucc 323 657 630 259 470 095 280 050 062 210 030 150 027

Linggi sediment/MUQ 149 160 130 130 152 080 122 140 115 1.08 129 192 177

Linggi sediment/PAAS 127 142 123 134 18 115 165 181 140 125 1.65 223 202

Linggi sediment/ 242 271 224 214 261 105 216 244 189 173 220 3.12 280
Archaean shale

Linggi sediment/NASC 151 156 139 130 188 102 149 164 135 107 132 202 181

Linggi sediment/UCC 150 173 174 165 222 133 277 278 226 173 220 417 321

@3],
®)[4].
s
“@)6].




Table 3

The EF values and statistical summary of REEs in Linggi River sediments.
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Location La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu
L001 35 5.0 4.2 3.0 33 1.8 2.5 2.6 2.6 1.6 2.7 34 34
L002 1.5 29 2.8 1.6 1.5 0.8 1.6 13 1.2 0.8 1.2 1.9 1.7
L003 11.0 110 74 9.6 8.9 23 6.0 6.1 2.7 2.6 34 7.5 7.0
L004 14 2.0 1.0 2.1 13 0.8 0.8 0.3 0.5 0.5 0.7 1.0 1.0
LO05 144 125 152 100 129 3.0 129 99 53 49 5.8 113 109
LO06 16.7 83 125 115 197 25 120 152 66 3.7 4.6 154 135
L007 5.6 5.0 8.8 4.7 6.9 3.7 6.7 7.2 124 82 145 9.1 8.6
L008 4.8 5.1 5.8 3.8 6.1 2.8 44 6.4 7.7 5.1 9.1 8.5 83
L009 53 4.7 7.7 5.7 6.3 2.6 5.7 6.2 9.9 6.5 115 89 8.2
LO10 53 6.0 6.8 6.1 5.6 2.2 4.0 49 4.7 31 5.2 6.5 6.4
LO11 5.9 5.6 8.1 6.6 6.6 2.3 45 71 5.7 3.8 6.6 122 117
L012 4.5 4.6 6.5 5.6 5.6 22 43 58 6.3 4.1 7.3 9.0 8.6
L013 4.7 5.6 7.3 5.9 6.0 29 5.0 6.6 7.8 49 9.1 9.6 9.0
L014 6.4 6.2 8.0 8.8 7.9 2.3 39 8.0 5.5 3.7 6.6 129 125
LO015 4.8 4.7 4.6 6.7 6.0 24 5.0 5.5 4.8 5.2 5.4 7.6 7.9
LO16 4.6 49 4.1 53 5.7 2.6 4.7 5.6 4.6 49 5.4 8.0 7.2
L017 5.2 5.3 5.7 4.8 6.6 2.2 5.7 5.8 4.8 5.1 5.6 105 89
L018 4.1 4.8 33 33 5.6 2.7 39 5.1 4.0 43 4.8 7.6 6.7
LO19 4.0 45 33 25 5.1 22 3.8 43 3.9 4.0 45 6.8 5.4
L020 4.0 43 2.8 2.7 5.1 2.2 3.1 4.6 3.2 34 3.8 7.9 71
L021 4.2 44 3.7 2.5 5.5 2.3 4.7 44 5.1 5.4 6.4 6.9 5.7
L022 4.1 4.7 43 33 5.2 2.5 5.0 43 5.1 5.4 6.3 7.3 5.7
L023 4.7 49 39 3.1 5.8 24 4.0 52 3.7 4.0 44 9.3 7.4
L024 45 4.6 3.8 5.6 5.5 2.0 43 5.5 44 4.6 5.0 7.3 7.2
L025 3.7 3.8 34 2.5 4.7 1.8 3.6 4.5 34 3.7 4.0 7.4 6.4
L026 4.0 45 39 2.5 53 2.3 45 4.6 4.6 4.8 53 7.6 6.2
L027 44 4.7 5.0 33 5.6 2.1 5.1 4.8 45 4.8 5.2 8.1 6.3
1028 338 4.0 34 4.4 4.6 1.9 35 4.2 33 3.6 3.9 6.1 5.9
L029 4.0 5.7 3.1 3.7 45 32 2.8 4.7 32 29 3.8 8.4 8.0
L030 43 338 4.0 34 4.8 3.2 35 6.2 4.1 37 4.8 5.4 5.6
L031 3.2 3.7 2.9 4.7 3.7 1.5 3.1 3.1 29 3.1 33 4.0 3.8
L032 2.6 33 22 1.7 2.6 1.5 1.9 2.0 2.0 1.8 23 3.1 23
L033 29 2.7 1.7 1.9 23 13 13 1.6 1.2 1.1 13 2.0 22
L034 35 34 3.7 2.3 3.6 1.9 2.9 2.7 2.7 2.4 3.1 4.7 5.3
L035 2.8 1.5 23 1.9 2.1 1.2 1.7 1.7 1.6 14 1.8 24 22
L036 31 32 3.1 14 3.1 1.6 2.8 2.5 2.2 23 2.5 338 33
L037 3.6 34 3.2 2.0 4.0 2.0 35 3.0 3.1 33 3.6 4.8 33
L038 29 3.0 2.6 1.8 29 1.7 2.5 2.3 2.0 2.1 2.2 34 29
L039 2.7 3.1 29 2.1 2.8 1.6 2.7 2.8 23 24 2.6 3.8 3.8
L040 3.1 3.0 3.0 2.5 3.1 1.8 3.0 2.5 2.5 2.6 29 3.6 29
L041 3.6 3.2 2.8 34 3.6 2.0 2.9 3.5 24 2.5 2.8 4.7 4.2
L042 33 29 3.0 2.1 2.8 1.6 2.0 24 22 1.5 24 3.0 2.8
L043 34 32 34 2.9 3.5 1.9 2.7 33 3.0 2.0 34 4.1 3.6
L044 3.6 3.2 35 3.1 3.7 2.0 32 33 2.6 1.8 29 4.6 4.1
L045 35 3.2 2.9 2.0 3.5 2.0 2.1 3.1 2.6 1.8 3.0 42 3.9
L046 3.6 35 35 33 4.0 2.1 2.6 3.9 33 2.3 3.7 4.7 4.0
L047 3.1 3.1 2.5 2.4 33 2.1 1.9 33 2.5 1.7 2.8 4.6 42
L048 3.1 34 4.1 2.8 3.6 2.1 2.5 34 3.6 2.3 4.1 4.7 4.0
L049 34 33 34 32 3.7 2.1 2.1 3.6 3.0 2.0 35 52 45
L050 4.1 4.1 3.0 3.0 44 2.6 1.9 42 2.8 1.8 33 5.9 54
LO51 5.6 5.6 44 5.1 5.3 1.8 4.1 4.2 2.8 3.0 3.1 7.2 5.4
L052 8.6 6.9 4.8 7.1 7.2 1.8 4.1 44 2.7 2.7 3.0 6.9 45
L053 3.7 42 2.8 2.9 3.6 2.0 3.1 3.1 3.0 32 3.5 53 3.7
L054 39 43 2.3 4.7 3.9 24 2.3 3.0 2.1 2.2 24 6.1 43
LO55 3.0 34 1.9 3.6 2.8 1.8 2.1 24 2.0 22 23 4.7 32
L056 2.7 33 1.8 1.7 2.6 13 2.0 1.8 19 2.1 22 2.7 3.0
LO57 3.1 3.7 2.2 2.6 3.0 1.6 2.4 2.7 2.3 2.5 2.8 3.8 5.0
L058 2.4 2.8 0.6 2.1 2.0 2.0 0.8 1.7 1.0 1.0 1.1 2.0 23
L059 3.0 3.7 1.7 2.2 2.8 14 2.2 22 2.4 2.7 2.8 2.8 35
LO60 338 4.0 0.9 2.5 3.1 2.5 1.0 2.5 1.0 1.1 1.2 34 4.1
L061 31 4.1 29 35 3.8 0.9 2.8 3.8 2.2 2.3 2.5 45 4.7
L062 1.5 1.9 13 2.0 2.0 0.6 13 1.5 1.1 1.1 1.2 13 1.6

(continued on next page)
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Location La Ce Pr Nd Sm Eu Gd Tb Ho Er Tm Yb Lu
L063 2.8 39 2.5 32 3.5 1.1 2.5 3.1 2.0 2.1 2.2 35 4.0
L064 2.5 34 3.0 2.9 3.1 1.1 2.5 24 32 2.8 22 2.9 33
L065 23 3.2 29 2.6 3.1 0.9 2.9 34 3.0 2.7 22 35 44
L066 2.7 33 4.0 2.6 29 0.9 34 3.6 25 2.6 2.8 4.2 4.7
L067 2.3 2.8 2.0 2.3 24 0.7 2.1 23 1.6 1.7 1.8 2.7 3.0
L068 6.0 7.2 6.7 5.1 5.8 22 7.2 5.0 5.5 5.8 5.8 4.8 6.4
L069 2.7 34 4.7 3.0 2.8 0.9 52 3.1 3.9 4.4 4.6 3.6 43
L070 4.2 5.1 3.6 4.6 44 1.0 32 4.7 2.0 2.2 23 6.9 7.8
L071 2.8 32 2.8 2.7 2.8 1.8 2.8 29 23 2.5 2.6 3.1 34
L072 2.5 3.1 25 22 25 1.6 2.6 29 22 2.4 25 2.9 34
L073 25 3.1 2.6 2.1 25 14 23 2.7 2.8 2.3 3.1 2.7 3.1
L074 24 3.0 2.6 23 2.5 14 24 25 29 24 3.2 2.0 3.0
LO75 2.7 3.2 3.0 2.4 2.7 1.5 2.6 24 32 2.7 3.6 2.8 3.0
L076 33 3.8 4.1 23 3.1 25 3.2 3.0 34 2.8 3.8 35 3.9
L077 2.6 29 3.1 2.0 2.5 1.3 2.7 25 33 2.7 3.7 2.5 29
L078 2.5 3.0 2.0 2.6 25 1.8 1.9 2.8 1.5 1.7 1.7 2.9 3.7
L079 2.6 29 22 1.8 25 1.5 22 24 1.9 2.0 2.1 29 3.1
L080 3.6 3.7 3.7 2.6 3.6 25 34 4.1 22 2.4 2.5 4.6 5.4
L081 4.6 5.9 35 4.6 44 2.6 3.0 5.1 2.1 2.1 24 73 7.1
L082 3.6 4.1 2.7 3.1 34 23 2.5 3.7 2.1 2.1 24 5.0 43
L083 49 6.1 3.1 53 5.0 2.6 3.6 6.2 2.0 23 23 102 106
L084 35 4.6 25 4.0 33 23 2.7 4.1 1.6 1.8 1.8 6.5 6.1
L085 3.0 3.8 2.0 2.4 2.6 2.0 2.4 2.6 1.6 1.7 1.7 32 1.8
L086 3.0 3.6 13 2.8 2.6 25 2.0 2.6 1.5 1.6 1.6 3.7 3.5
L087 3.0 35 1.1 2.9 2.7 23 1.9 2.7 1.2 13 14 34 23
L088 3.0 3.6 1.2 3.9 2.8 1.5 1.7 24 1.0 1.1 1.1 3.8 3.6
L089 3.0 3.6 3.1 2.7 2.6 1.7 2.9 24 2.0 23 24 3.9 3.9
L090 29 34 24 24 24 1.9 2.3 25 1.7 1.9 1.9 29 3.0
L091 5.7 52 53 6.2 53 2.7 5.0 9.1 2.8 32 3.2 85 7.7
L092 3.1 4.0 22 29 3.0 1.9 23 3.1 1.8 2.0 2.1 4.7 43
L093 35 43 2.5 3.0 33 1.9 24 3.7 1.7 1.9 2.0 52 5.1
L094 2.8 3.7 2.1 2.9 2.7 2.0 22 2.8 1.8 1.9 2.0 3.8 3.1
L095 32 3.7 2.8 2.2 3.0 25 32 2.5 29 3.1 33 4.0 22
L096 5.6 4.8 3.0 55 53 2.7 32 7.6 33 3.5 34 8.5 7.5
L097 2.8 34 23 2.2 2.6 22 24 2.0 2.1 2.2 23 33 1.8
L098 35 4.0 25 2.7 34 24 3.0 3.1 3.0 33 34 4.6 2.6
L099 2.9 33 2.1 2.2 24 22 23 1.9 1.9 2.1 2.1 2.8 1.5
L100 32 3.6 23 2.2 29 22 2.5 21 2.1 2.3 24 34 21
L101 2.8 33 1.9 2.2 23 2.0 2.0 1.9 14 1.6 1.6 33 2.7
L102 35 43 25 2.6 34 2.1 2.6 2.8 1.9 2.0 2.1 52 55
L103 33 3.8 24 2.8 3.1 2.0 25 24 2.0 2.2 23 3.1 2.0
L104 29 3.6 22 2.1 2.8 22 2.5 22 2.1 2.3 23 3.6 21
L105 2.7 3.0 2.1 2.2 2.6 2.0 23 2.0 1.8 2.0 2.0 3.1 2.6
L106 2.8 29 2.1 1.7 2.7 2.1 24 1.0 2.0 2.2 23 3.1 1.8
L107 29 35 22 2.1 2.8 2.1 24 22 2.0 2.2 23 32 25
L108 2.7 3.1 1.8 2.2 24 2.1 1.9 1.9 1.5 1.6 1.7 2.8 2.6
L109 2.5 3.1 1.9 1.9 23 2.0 2.0 1.7 1.5 1.7 1.7 2.6 2.5
L110 2.7 2.7 2.1 2.6 2.1 1.7 2.3 24 1.8 2.0 2.1 29 24
L111 2.9 2.0 1.8 1.9 23 1.1 2.0 2.0 1.5 1.6 1.7 23 22
L112 2.6 24 1.9 2.1 2.1 1.0 2.1 1.8 1.6 1.8 1.8 23 22
L113 2.7 2.6 1.8 1.8 2.2 1.7 2.0 1.9 1.6 1.7 1.7 2.3 21
N 13 113 113 113 113 113 113 113 113 113 113 113 113
Min 14 1.5 0.6 14 13 0.6 0.8 0.3 0.5 0.5 0.7 1.0 1.0
Max 167 125 152 115 19.7 3.7 129 152 124 82 145 154 135
Mean 3.8 4.0 34 34 3.9 2.0 32 3.7 3.0 2.7 33 5.1 4.7
Standard error 0.2 0.1 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.1 0.2 03 0.2
Variance 4.2 23 4.6 33 5.1 0.3 3.0 4.1 32 1.7 43 7.2 6.3
Standard deviation 21 1.5 21 1.8 23 0.6 1.7 2.0 1.8 13 21 2.7 25
Median 33 3.7 29 2.7 33 2.0 2.7 31 25 2.3 2.8 4.2 4.0
25 percentile 2.8 3.2 22 2.2 2.6 1.6 2.2 24 1.9 1.9 2.1 3.1 29
75 percentile 41 4.6 3.8 3.8 5.0 23 3.6 45 33 33 3.8 6.9 6.1
Coefficient of variation 53.9 37.6 624 540 574 290 546 556 60.5 474 621 529 538
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(Fezee ) sample
EF = r—"~—— (1)
(e MuQ
where Mapalysis. is the concentration value of interest element in Linggi sediment sample, Feapalys;s is the
concentration value of Fe in Linggi sediment sample, Meference is the concentration value of interest
element from reference shale value, (MUQ) and Fe(eference is the concentration value of Fe = 54300 mg/kg
from MUQ [3]. EF can be categorised as follows: EF value < 2.0, 2 to 3,3 to 5, 5 to 10, 10 to 25, 25 to 50
and > 50 are no enrichment (shale), minor, moderate, moderately severe, severe, very severe and
extreme enrichment, respectively [9,10]. The EF values and summary statistics of REEs are tabulated in
Table 3 whilst jitter and box plot of values and mean EF of REEs in Linggi river sediment are shown in
Fig. 4. The 25 and 75 percentiles of EF values are shown as the lowest and highest of box plot of REEs,
respectively. The values of 25 and 75 percentiles were 2.8, 3.2,2.2,2.2,2.6,1.6,2.2,2.4,19,19,2.1,3.1,2.9)
and4.1,4.6,3.8,3.8,5.0,2.3,3.6,4.5,3.3,3.3,3.8,6.9, 6.1 for La, Ce, Pr,Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm, Yb and
Lu, respectively. EF mean values of REEs ranged from 2.0 (Eu) to 5.1 (Yb) indicating Linggi River sediment
can be categorised as having minor to moderate enrichment in most of the locations (Table 3).

2. Experimental design, materials and methods

2.1. Study area and sampling procedure

A total of 113 sampling locations of sediment samples were selected along the Linggi River (Fig. 5)
located between latitude 2° 2224.77" N to 2° 53’55.24” N and longitude 102° 06'49.46” E to 102°
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Fig. 4. The EF value (jitter) and mean (box plot) of REEs in Linggi River sediment.
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Fig. 5. Map showing the sampling locations along Linggi River.

12'48.37" E. Sediment samples were collected using grab sampler and transferred into pre-cleaned
polyethylene bottles and transported to the laboratory. A portion of sediment samples was kept for
particle size analysis and the remaining sediment samples were dried in an oven at 60 °C until constant
weight. The dried sediments were ground using agate mortar to achieve a homogenous powder form
prior to analysis by neutron activation analysis (NAA) technique and inductively coupled plasma —
mass spectrometer (ICP-MS).

2.2. Particle size analysis

Approximately 0.5 g of the sediment sample was mixed with double distilled water and followed by
addition of 1 mL of sodium hexametaphosphate as an agent to avoid agglomeration. The sediment
samples underwent ultrasonic process for 30 seconds prior to analysis. Analysis of particle size were
done by using Honeywell Microtrac (model x100) equipped with laser diffraction capable of
measuring sizes ranging from 0.02 to 700 pm to determine the average and distribution of particle size.

2.3. Neutron activation analysis (NAA) technique

Approximately 200 mg of sediment samples, SRM (IAEA SL-1), IAEA Soil-7 and blank were simul-
taneous irradiated in the PUSPATI TRIGA MARK II Reactor, Malaysian Nuclear Agency for 6 hours at 750
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kW power and with a thermal flux of 4.0 x 10'? n.cm~2s~!. The counting of the sediment sample,
blank, SRM (IAEA SL-1), IAEA Soil —7 (as comparator) was done by gamma spectrometer. Calculation of
REEs concentration was performed according to procedure as described by Elias et al., 2018 [11].

2.4. Inductively couple plasma — mass spectrometer (ICP-MS) analytical method

Approximately 200 mg of homogenised powder sediment sample and SRM (BHVO-1) were digested
using a hot block digester (model Vision). The replicate sediment samples and SRM were digested
using a mixture of HNO3, H,0,, and HF. The SRM (BHVO-1) was used as quality assurance and quality
control in the analytical method analysis. The SRM (BHVO-1) measurement followed the same pro-
cedure as a sample analysis. The reagent blank acid used in digestion process was monitored
throughout the analysis and used to correct the analytical results. The method for digestion process of
the sediment samples and SRM (BHVO-1) was described by Elias et al., 2018 [12]. The isotopes of 4lpy,
158Gq, 165Hog, 166Er, and '°Tm were measured by using ICP-MS (Perkin Elmer model ELAN 6000).

2.5. Enrichment factor (EF) of Linggi sediment

The Linggi river sediments were normalised to mud from Queensland (MUQ). MUQ was used as a
reference shale value. Enrichment factor (EF) of Linggi sediment was calculated according to equation
(1) to evaluate the enrichment of Linggi River sediment. Enrichment of the Linggi River sediment was
then categorised according to the following: no enrichment (background shale), minor, moderate,
moderately severe, severe, very severe and extreme enrichment.
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