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Table S1. Concentration of influent pollutants of first hydraulic retention time test (mg/L). NHs-H:
Ammonia nitrogen. TN: Total nitrogen. TP: Total phosphorus. COD: Chemical oxygen demand.

Concentration of Influent Pollutants (mg/L)

NHs-H TN TP CcoD
Coconut Shell 8.97 12.81 222 46.00
Ceramsite
Shell Ceramsite 8.99 12.83 2.22 46.00
Shell Zeolite 9.00 12.84 223 46.00
Coconut Shell 8.36 12.20 2.07 46.00
Zeolite

Coconut Shell 7.19 11.03 1.78 46.00
Shell 8.63 12.47 214 46.00

Table S2. Concentration of influent pollutants of second hydraulic retention time test (mg/L).

Concentration of Influent Pollutants (mg/L)

NH:-H TN TP COD

Coconut Shell Ceramsite 31.37 36.79 6.08 197,44
Shell Ceramsite 28.88 34.30 5.60 183,34
Shell Zeolite 31.74 37.16 6.15 201,00
Coconut Shell Zeolite 32.00 37.42 6.20 199,54
Coconut Shell 30.26 35.68 5.86 191,15
Shell 31.79 37.21 6.16 199,82
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Table S3. Concentration of influent pollutants of the first hydraulic load test (mg/L). Hydraulic
load: 5 (cm/d), 10 (cm/d), 20 (cm/d), 30 (cm/d).

Concentration of Influent Pollutants (mg/L)

5(cm/d) NHs-H TN TP COD 10 (cm/d) NHs;-H TN TP COD
Coconut
Shell 806 1632 140 2700  coconutShell aos 88 148 36.00
. Ceramsite
Ceramsite
Shell .
. 8.04 16.30 1.40 27.00 Shell Ceramsite 853 14.70 1.45 36.00
Ceramsite
Coconut Coconut Shell
Shell Zeolite 7.54 15.80 1.31 27.00 Zeolite 8.66 14.84 1.47 36.00
Shell Zeolite 7.78 16.04 1.35 27.00 Shell Zeolite 862 1479 1.46 36.00
C(S);(:lllm 801 1627 139 2700 CoconutZhell 864 14.82 147 36.00
Shell 7.17 15.43 1.25 27.00 Shell 8.68 14.86 1.47 36.00
Concentration of Influent Pollutants (mg/L)
20 (cm/d) NHsz-H TN TP COD 30 (cm/d) NHs;-H TN TP COD
Coconut
Shell 845 1349 146 3100  coconutShell g s 149 30.00
. Ceramsite
Ceramsite
Shell .
. 8.42 13.46 1.45 31.00 Shell Ceramsite 845 12.89 1.46 30.00
Ceramsite
Coconut Coconut Shell
Shell Zeolite 8.41 13.45 1.45 31.00 Zeolite 852 1296 1.48 30.00
Shell Zeolite 8.48 13.51 1.46 31.00 Shell Zeolite 845 12.89 1.46 30.00
C‘;;(:l‘l“t 839 1342 145 31.00  CoconutShell 852 1296 148 30.00
Shell 8.43 13.47 1.45 31.00 Shell 8.56 13.00 1.48 30.00
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Table S4. Concentration of influent pollutants of the second hydraulic load test (mg/L).

Concentration of Influent Pollutants (mg/L)
5 (cm/d) NH>-H TN TP COD 10 (cm/d) NH>-H TN TP COD

CoconutShell 0 15 3060 530 15307 CoconutShell o o0 3347 606 153,99
Ceramsite Ceramsite

Shell Ceramsite 31.50 33.63 595 165,53 Shell Ceramsite 31.32 3290 596 151,70
Coconut Shell 4 5 3081 580 16221 CoOMutShell o 2 91 596 15186
Zeolite Zeolite

Shell Zeolite 3123 3336 5.90 164,42  Shell Zeolite 31.56 33.15 6.00 152,68
Coconut Shell 31.54 33.67 596 16568 CoconutShell 3154 33.12 6.00 152,59

Shell 3146 3358 595 16535 Shell 3129 3287 595 151,56
20(m/d) NH+-H TN TP COD 30(m/d) NH+H TN TP COD
CoconutShell 5, oy 3345 501 14378 CoconutShell o 4080 600 16631
Ceramsite Ceramsite
Shell Ceramsite 31.64 3399 6.02 146,00 Shell Ceramsite 31.67 40.73 599 166,04
CoconutShell 5y 35 5375 597 14409 COCOMUEShell o) 0 4068 598 16584
Zeolite Zeolite

Shell Zeolite 31.59 3395 6.01 145,82  Shell Zeolite 30.89 39.95 5.84 162,84
Coconut Shell 3145 33.81 598 14523 CoconutShell 31.67 40.73 599 166,04
Shell 31.62 3398 6.01 14593 Shell 31.67 40.73 599 166,04

Table S5. Concentration of pollutants of outflow of first hydraulic retention time test (mg/L). The
time is 0-84 hours.

Concentration of Pollutants of Outflow (mg/L)

COD 0 12 24 36 48 60 72 84

Coconut Shell Ceramsite 46.00 1481 822 448 446 53 5.34 6.39
Shell Ceramsite 46.00 17.04 623 594 723 633 634 6.83
Shell Zeolite 46.00 2276 21.18 943 13.15 11.1 1392 1395
Coconut Shell Zeolite 46.00 19.01 1194 78 7.11 83 574 6.28
Coconut Shell 46.00 943 348 0.84 091 072 0.85 1.34
Shell 46.00 1647 683 425 584 416 5.18 7.99

NHs-H 0 12 24 36 48 60 72 84
Coconut Shell Ceramsite 8.97 3.71 209 137 1.07 0.65 1.01 1.00
Shell Ceramsite 8.99 2.47 1.85 188 059 1.07 072 0.79
Shell Zeolite 9.00 4.76 295 336 144 178 1.61 1.25
Coconut Shell Zeolite 8.36 451 42 279 259 226 253 2.53
Coconut Shell 7.19 2.64 046 027 023 022 038 0.37
Shell 8.63 24 126 042 036 042 0.33 0.37

TP 0 12 24 36 48 60 72 84

Coconut Shell Ceramsite 2.22 0.95 047 036 042 046 034 0.30

Shell Ceramsite 222 1.05 055 058 039 04 032 0.3
Shell Zeolite 2.23 0.67 047 041 011 018 0.11 0.11
Coconut Shell Zeolite 2.07 0.98 08 09 074 058 049 0.52
Coconut Shell 1.78 0.32 0.15 0.06 0.12 0.07 0.05 0.04
Shell 2.14 0.45 025 0.03 005 0.14 0.13 0.11

TN 0 12 24 36 48 60 72 84

Coconut Shell Ceramsite 12.81 5.02 257 150 147 154 198 2.07
Shell Ceramsite 12.83 3.8 204 123 1.1 0.62 1.61 1.78
Shell Zeolite 12.84  5.68 531 389 333 3.08 3.83 3.84
Coconut Shell Zeolite 1220 543 426 323 328 386 3.09 3.46
Coconut Shell 11.03 342 196 0.17 0.67 044 0.39 1.15

Shell 12.47 1.9 137 053 029 04 048 0.5
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Table S6. Concentration of pollutants of outflow of second hydraulic retention time test (mg/L).

Concentration of Pollutants of Outflow (mg/L)

COD 0 12 24 36 48 60 72 84
Coconut Shell Ceramsite 197,44 7644 6047 3727 31.74 36.03 4586 46.59
Shell Ceramsite 183,34 90.71 36.83 50.31 36.83 37.11 40.39 35.06
Shell Zeolite 201,00 8275 7541 2626 27.06 2584 31.84 30.10
Coconut Shell Zeolite 199,54 9622 8249 46.51 47.58 50.28 41.36 43.76
Coconut Shell 191,15 5327 3048 6.69 820 699 1048 12.69
Shell 199,82 4701 17.01 594 893 1025 990 19.19

NHs-H 0 12 24 36 48 60 72 84
Coconut Shell Ceramsite 3137 1564 998 6.84 512 544 640 7.02
Shell Ceramsite 28.88 10.06 838 740 491 479 461 497
Shell Zeolite 31.74 1830 1229 16,53 796 862 858 841
Coconut Shell zeolite 32.00 1494 1353 790 566 657 550 5.88
Coconut Shell 3026 1327 477 277 177 289 351 3.13
Shell 31.79 1150 776 3.67 331 386 281 3.38

TP 0 12 24 36 48 60 72 84
Coconut Shell Ceramsite 6.08 217 166 151 178 1.69 146 147
Shell Ceramsite 5.60 347 212 205 122 137 128 1.23
Shell Zeolite 6.15 224 060 060 077 082 068 0.80
Coconut Shell Zeolite 6.20 254 214 239 146 115 1.08 1.01
Coconut Shell 5.86 143 087 0.08 0.08 0.09 0.06 0.04
Shell 6.16 1.75 126 037 024 011 015 0.10

TN 0 12 24 36 48 60 72 84
Coconut Shell Ceramsite 3679 1670 1138 6.60 807 713 802 9.9
Shell Ceramsite 3430 1319 827 544 457 644 670 7.68
Shell Zeolite 3716 1320 1154 536 699 691 726 799
Coconut Shell Zeolite 3742 19.12 1697 1233 1520 1449 1533 1643
Coconut Shell 35.68 705 307 019 084 077 033 0.68
Shell 37.21 983 725 335 237 292 297 367
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Table S7. Concentration of pollutants of outflow of the first hydraulic load test (mg/L).
Concentration of Pollutants of Outflow (mg/L)
5 10 20 30 5 10 20 30
NH;-H TN
’ (em/d) (cm/d) (em/d) (cm/d) (cm/d) (cm/d) (cm/d) (cm/d)
CoconutShell * 55 133 a7 g5 CoconutShell s oas 23y 209
Ceramsite Ceramsite
Shell. 0.13 0.42 0.3 1.73 Shell‘ 0.93 2.92 2.76 4.43
Ceramsite Ceramsite
Coconut Shell “ 79 158 316 COOMUEShEll o s4 345 4a
Zeolite Zeolite

Shell Zeolite 0.79 1.17 14 4.38
Coconut Shell 0.2 0.28 0.46 1.16

Shell Zeolite  1.42 1.74 2.77 4.93
Coconut Shell 0.74 1.84 2.65 3.3

Shell 009 009 016 093 Shell 027 164 17 21
T 5 10 20 30 oD 5 10 20 30
(ecm/d) (ecm/d) (cm/d) (cm/d) (cm/d) (em/d) (ecm/d) (cm/d)
CoconutShell (0 g5y gpg  gyp CoconutShell 0o s 683
Ceramsite Ceramsite
Shell 012 013 022 044 Shell 541 495 341  7.86
Ceramsite Ceramsite
CoconutShell 15 10 15 g5 CoconutShell ol o9 381 511
Zeolite Zeolite

Shell Zeolite 0.23 0.22 0.28 0.45
Coconut Shell 0.15 0.15 0.1 0.32
Shell 0.15 0.15 0.16 0.3

Shell Zeolite 3.37 3.69 3.86 8.93
Coconut Shell 3.31 4.5 3.29 4.44
Shell 2.61 1.68 3.16 3.73

Table S8. Concentration of pollutants of outflow of the second hydraulic load test (mg/L).

Concentration of Pollutants of Outflow (mg/L)

5 10 20 30 5 10 20 30
Hs-H T
NH; (em/d) (ecm/d) (ecm/d) (cm/d) N (em/d) (em/d) (cm/d) (cm/d)
Coconut
CoconutShell =1 505 267 527 Shell 085 37 376 582
Ceramsite .
Ceramsite
. Shell
Shell Ceramsite 2.78 2.79 3.18 11.64 . 3.42 10.25 9.95 17.38
Ceramsite
Coconut Shell Coconut
Zeolite 4.18 4.65 8.54 15.3 Shell Zeolite 2.05 4.55 6.25 11.03
Shell Zeolite 1.69 242 3.27 11.46 Shell Zeolite 4.5 6.67 9.42 18.35
CoconutShell 028 023 067 244 Cg;‘;‘lm 069 272 448  7.36
Shell 0.84 0.69 1.61 5.53 Shell 1.84 5.07 6.97 10.06
TP 5 10 20 30 COD 5 10 20 30
(em/d) (cm/d) (cm/d) (cm/d) (cm/d) (cm/d) (cm/d) (cm/d)
Coconut
Coconut Shell oo 4 4g 156 3.5 Shell 3322 2585 2549 53.89
Ceramsite .
Ceramsite
. Shell
Shell Ceramsite 0.79 0.93 1.35 2.74 . 2783 13.84 2848 57.31
Ceramsite
Coconut Shell Coconut
Zeolite 0.77 0.96 1.09 1.36 Shell Zeolite 21.85 16.22 29.26 39.44
Shell Zeolite 0.56 0.47 0.77 1.3 Shell Zeolite 11.82 8.33 13.35 36.64
CoconutShell 027 027 07 217 Cg;(:ﬁm 1323 788 2237 3971
Shell 0.33 0.34 1.07 1.76 Shell 2475 19.98 17.67  30.98
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Table S9. The mean and the standard deviation of removal rate of COD of hydraulic retention time

test (%).
COD
T(h) Shell yEr Coconut yEr She'll yEr C(S);(:lllu t yEr Shell. yEr Cg;::lllu t yEr
+ Shell + Zeolite =+ ; + Ceramsite =* . +
Zeolite Ceramsite

0 0 0 0 0 0 0 0 0 0 0 0 0
12 7034 613 75.82 3.68 54.68 415 5523 3.45 56.73 6.21 64.55 3.26
24 8833 3.16 8825 419 5822 426 6636 7.69 83.18 3.27 75.75 6.38
36 9390 3.13 9734 0.84 8321 372 79.86 3.17 79.82 7.26 85.69 4.56
48 9142 411 9686 1.15 7897 756 8035 4.19 82.09 2.18 87.12 3.19
60 9291 196 9738 1.04 8151 564 7838 3.58 83.00 3.24 85.11 3.36
72 9190 3.15 9634 182 7695 721 8339 412 82.09 4.12 82.59 5.81
84 8651 388 9522 186 7735 767 8221 4.14 83.01 2.13 81.25 4.85

Table S10. The mean and the standard deviation of removal rate of NHs-H of hydraulic retention
time test (%).

NH;-H

Coconut Coconut
T (h) Shell yEr Shell. yEr She.ll yEr Shell yEr Coconut yEr Shell yEr
) + Ceramsite =+ Zeolite = . + Shell + +

Ceramsite Zeolite
0 0 0 0 0 0 0 0 0 0 0 0 0
12 54.41 4.26 68.88 3.69 4471 236 4970 3.62 59.74 3.59 68.00 4.18
24 72.44 4.23 75.21 421 6426 298 5376 396 88.89 4.65 80.47 4.89
36 81.48 3.28 76.73 236 5531 739 7095 436 9351 267 91.81 3.34
48 85.87 2.19 88.23 523 7943 452 7570 6.62 9544 129 92.73 3.12
60 87.73 5.06 85.74 231 7653 369 7619 326 9371 3.26 9151 3.65
72 84.18 4.56 88.03 398 7753 456 7626 656 9156 3.15 93.65 2.49
84 83.25 5.62 87.03 423 7979 629 7567 594 9226 258 9253 3.16
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Table S11. The mean and the standard deviation of removal rate of TN of hydraulic retention time

test (%).
TN

Coconut yEr Shell yEr Shell yEr Coconut yEr Coconut yEr yEr
(h) Shell. + Ceramsite * Zeolite =+ She.ll + Shell * Shell +

Ceramsite Zeolite
0 0 0 0 0 0 0 0 0 0 0 0 0
12 57.72 3.12 65.97 441 60.11 436 5219 329 7459 5.64 79.18 559
24 74.53 5.45 80.01 412 6379 5.15 59.88 522 86.81 459 84.75 4.23
36 85.18 3.12 87.27 314 7764 795 7030 326 9895 0.52 93.37 2.36
48 83.30 5.24 89.03 236 7764 355 6623 6.86 9578 1.87 95.64 2.01
60 84.30 3.69 88.19 695 7871 269 6484 356 9692 0.91 9448 231
72 81.38 3.18 83.97 351 7530 5.16 6687 7.83 9775 133 94.07 2.06
84 78.48 5.39 81.87 426 7430 419 6387 7.77 9385 425 93.07 293

Table S12. The mean and the standard deviation of removal rate of TP of hydraulic retention time

test (%).
TP

Coconut yEr Shell yEr Shell yEr Coconut yEr Coconut yEr yEr
(h) Shell. + Ceramsite =+ Zeolite =+ She.ll + Shell + Shell *

Ceramsite Zeolite
0 0 0 0 0 0 0 0 0 0 0 0 0
12 60.65 3.62 45.33 736 66.74 324 5580 322 7881 323 75.23 3.69
24 75.65 2.99 68.73 654 8455 566 6193 3.62 8832 3.11 83.86 4.36
36 79.43 4.26 68.73 532 86.01 426 59.03 244 9778 0.91 96.19 2.25
48 75.98 5.26 80.35 212 9122 366 7032 619 9598 258 97.03 0.86
60 75.65 3.46 78.74 328 89.27 255 7677 465 9715 1.28 95.85 2.44
72 80.26 4.26 81.42 423 9203 316 7935 315 9798 1.04 95.68 1.88
84 81.08 5.26 82.32 424 9103 399 7935 441 9867 0.73 96.68 1.77

Table S13. The mean and the standard deviation of removal rate of COD of hydraulic load test (%).

COD

Hydraulic Coconut Shell Coconut
Load Shell T Cera VB ghen YEr Shell yEr Coconut yEr o yEr
. + ] + R + Zeolite * Shell + +

(ecm/d)  Ceramsite msite Zeolite
5 80.94 2.62 81.58 1.61 88.89 236 90.16 265 89.88 2.14 87.68 2.65
10 86.47 3.26 88.57 231 9148 216 9215 239 9117 3.67 91.08 4.26
20 85.58 331 84.74 425 8376 394 89.19 165 86.99 239 88.85 0.96
30 72.42 482 69.64 416 79.59 337 73.86 3.64 80.64 456 8445 3.11

Table S14. The mean and the standard deviation of removal rate of NHs-H of hydraulic load test

(%).
NH:-H

Hydraulic Coconut Shell Coconut
Load shetl 7" Cera Y™ shen Y zse,};ﬂtle yEr C‘s’;‘;‘;l‘“ YE ghen Y
(cm/d) Ceramsite ~ msite =~  Zeolite B - -
5 93.79 1.36 94.79 3.62 8957 321 9222 236 9832 0.78 98.01 0.69
10 93.37 2.88 93.08 1.98 88.04 2.88 8939 295 9799 1.28 98.40 0.60
20 93.55 212 93.18 324 77.02 423 8655 311 9620 1.67 96.52 1.62
30 86.74 3.34 7138 813 5728 564 5556 734 8935 296 85.84 3.29
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Table S15. The mean and the standard deviation of removal rate of TN of hydraulic load test (%).

TN

Hydraulic Coconut Shell Coconut
oad shel "™ Cera Y shen Y Zi};ﬂtle yEr C‘S’;‘;‘I‘l‘“ YE ghen Y
(em/d) Ceramsite ~ msite =~  Zeolite B B -
5 93.61 3.62 92.07 223 90.78 296 88.83 232 96.69 126 9640 1.88
10 86.58 236 7450 5.65 8151 4.69 84.05 419 89.68 212 86.78 2.19
20 85.59 3.16 75.09 436 7791 358 7590 3.64 8351 3.24 83.43 394
30 81.37 435 61.50 4.18 68.67 421 5792 387 7825 3.69 7958 4.28

Table S16. The mean and the standard deviation of removal rate of TP of hydraulic load test (%).

TP

Hydraulic Coconut Shell Coconut
Load  Shell Y7 cCera "' shen Y zse,};;ltle yEe C‘S’;‘Z‘l‘“ YE Shen Y
(em/d) Ceramsite =~ msite =~  Zeolite - B B
5 83.69 3.23 89.08 236 88.63 1.89 86.82 3.68 9241 3.04 91.19 3.21
10 79.66 412 8757 326 86.64 266 8845 3.69 9262 292 92.00 2.24
20 76.88 3.29 81.05 356 8574 396 84.10 3.01 90.62 236 85.68 3.54
30 45.39 6.21 6193 769 80.16 297 7333 434 7090 7.09 7538 4.71
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