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Fig. S1.  Experimental set-up for growth of Festuca rubra and Arrhenatherum elatius in the 

greenhouse. 

 

 



 

 

Table S1 Mean values of initial soil element concentrations (mg kg-1) with corresponding standard deviation across different soil amendments. 
 

 Control 1% nZVI 2% nZVI 3% Sludge 1% nZVI + 3% Sludge 2% nZVI + 3% Sludge 

As 348 ± 41 313 ± 16 234 ± 94 315 ± 26 285 ± 33   278 ± 33 

Ca 11391 ± 246 10942 ± 807 12879 ± 3992 6766 ± 3696 6626 ± 2018 7919 ± 4329 

Cd 47 ± 3 46 ± 2 45 ± 6 40 ± 3 35 ± 1 34 ± 2 

Cr 68 ± 2 76 ± 2 79 ± 3 78 ± 15 90 ± 2 113 ± 2 

Cu 703 ± 21 720 ± 11 700 ± 27 680 ± 25 652 ± 22 722 ± 37 

Fe 41442 ± 1048 51550 ± 2976 54315 ± 337 36072 ± 2878 39456 ± 3063 47430 ± 2454 

K 5070 ± 753 5048 ± 447 4538 ± 384 4662 ± 438 4556 ± 253 4739 ± 486 

Mg 1493 ± 189 1544 ± 560 1220 ± 34 676 ± 519 432 ± 94 503 ± 252 

Mn 1877 ± 113 1805 ± 56 2019 ± 699 1788 ± 179 1633 ± 86 1642 ± 64 

Na 3329 ± 66 3445 ± 219 3097 ± 157 2784 ± 301 2720 ± 145 2806 ± 329 

Ni 56 ± 3 61 ± 5 61 ± 7 57 ± 7 53 ± 1 58 ± 0 

P 983 ± 23 962 ± 49 821 ± 255 1299 ± 86 2507 ± 75 1847 ± 147 

Pb 9073 ± 750 8971 ± 778 9576 ± 957 6912 ± 530 6821 ± 510 7037 ± 409 

S 2121 ± 148 2408 ± 256 2244 ± 236 2020 ± 178 2642 ± 65 2415 ± 41 

Zn 5608 ± 60 5673 ± 181 5279 ± 586 4790 ± 425 5108 ± 380 4966 ± 196 

 

 

 

 

 



Table S2 Concentrations of chosen elements in Arrhenatherum elatius shoots and their corresponding standard deviation values. 
 

 Control 1% nZVI 2% nZVI 3% Sludge 1% nZVI + 3% 

Sludge 

2% nZVI + 3% 

Sludge 

Ca 8944 ± 1222 7058 ± 746 4892 ± 535 17706 ± 1893 14045 ± 1965 15394 ± 2707 

Cr 7 ± 0 7 ± 1 7 ± 1 7 ± 1 7 ± 0 1 ± 0 

Cu 14 ± 1 16 ± 1 15 ± 0 13 ± 2 12 ± 1 7 ± 1 

Fe 58 ± 2 88 ± 8 78 ± 2 64 ± 6 74 ± 9 75 ± 8 

K 57717 ± 3882 56012 ± 

1314 

57974 ± 

2790 

59768 ± 

18511 

55498 ± 3085 48527 ± 3317 

Mg 3421 ± 186 3273 ± 161 2395 ± 225 4694 ± 274 3517 ± 193 4109 ± 229 

Mn 27 ± 10 76 ± 29 206 ± 91 556 ± 138 438 ± 84 455 ± 82 

Na 207 ± 73 330 ± 47 940 ± 361 159 ± 62 1004 ± 196 1779 ± 260 

Ni 7 ± 0 6 ± 0 7 ± 1 7 ± 0 8 ± 1 4 ± 0 

P 2853 ± 503 55 ± 245 2458 ± 296 4654 ± 608 5256 ± 767 4370 ± 487 

S 2834 ± 157 3026 ± 135 2874 ± 445 3415 ± 274 2876 ± 226 2998 ± 63 

 

 

 

 

 

 



Table S3 Concentrations of chosen elements in Arrhenatherum elatius roots and their corresponding standard deviation values. 
 

 Control 1% nZVI 2% nZVI 3% Sludge 1% nZVI + 3% Sludge 2% nZVI + 3% Sludge 

Ca 4647 ± 283 3815 ± 125 3693 ± 242 7011 ± 905 6385 ± 404 5836 ± 421 

Cr 7 ± 1 7 ± 0 7 ± 1 6 ± 0 7 ± 1 2 ± 0 

Cu 281 ± 55 224 ± 9 166 ± 31 307 ± 55 191 ± 34 154 ± 19 

Fe 281 ± 225 501 ± 93 388 ± 72 158 ± 63 189 ± 39 453 ± 70 

K 8227 ± 2385 8627 ± 2152 8391 ± 874 11939 ± 3688 16519 ± 5888 10008 ± 1648 

Mg 1245 ± 169 1298 ± 100 1010 ± 151 2110 ± 283 1886 ± 90 1880 ± 148 

Mn 55 ± 16 83 ± 23 196 ± 85 605 ± 212 716 ± 392 793 ± 223 

Na 282 ± 40 810 ± 159 1168 ± 243 394 ± 56 1155 ± 227 1876 ± 366 

Ni 12 ± 5 8 ± 0 9 ± 1 11 ± 1 10 ± 1 7 ± 0 

P 1991 ± 362 624 ± 216 1843 ± 424 3279 ± 393 3565 ± 416 3213 ± 242 

S 2751 ± 253 2516 ± 197 2186 ± 199 3563 ± 439 2860 ± 247 2779 ± 170 

 

 

 

 

 

 

 

 



Table S4 Concentrations of chosen elements in Festuca rubra shoots and their corresponding standard deviation values. 
 

 Control 1% nZVI 2% nZVI 3% Sludge 1% nZVI + 3% Sludge 2% nZVI + 3% Sludge 

Ca 8215 ± 1188 6975 ± 1001 5903 ± 690 10273 ± 1679 13007 ± 2352 11221 ± 679 

Cr 7 ± 0 7 ± 0 7 ± 0 2 ± 0 8 ± 2 2 ± 1 

Cu 16 ± 2 19 ± 2 17 ± 1 9 ± 1 20 ± 1 9 ± 1 

Fe 46 ± 10 75 ± 24 64 ± 9 63 ± 26 105 ± 25 89 ± 30 

K 63227 ± 7371 63429 ± 2973 54771 ± 7562 58439 ± 10475 64808 ± 6381 58669 ± 3237 

Mg 3240 ± 320 3238 ± 305 2737 ± 289 3628 ± 379 3528 ± 419 3567 ± 142 

Mn 23 ± 9 48 ± 23 44 ± 16 384 ± 76 421 ± 35 382 ± 28 

Na 291 ± 56 519 ± 125 1349 ± 394 447 ± 68 1171 ± 319 2061 ± 101 

Ni 7 ± 1 7 ± 0 8 ± 0 4 ± 1 9 ± 1 4 ± 0 

P 4997 ± 343 3850 ± 774 3729 ± 582 6696 ± 261 6843 ± 302 6174 ± 339 

S 3266 ± 271 3356 ± 415 3125 ± 287 3204 ± 323 3097 ± 340 2865 ± 87 

 

 

 

 

 

Table S5. Concentrations of chosen elements in Festuca rubra roots and their corresponding standard deviation values. 
 



 Control 1% nZVI 2% nZVI 3% Sludge 1% nZVI + 3% Sludge 2% nZVI + 3% Sludge 

Ca 8795 ± 533 7035 ± 820 8656 ± 529 7496 ± 477 8617 ± 362 8424 ± 460 

Cr 7 ± 0 7 ± 1 8 ± 1 2 ± 0 7 ± 1 2 ± 0 

Cu 330 ± 57 229 ± 29 276 ± 19 201 ± 42 256 ± 35 176 ± 20 

Fe 442 ± 135 456 ± 48 1329 ± 314 385 ± 131 605 ± 322 741 ± 217 

K 3280 ± 3477 12190 ± 6560 5577 ± 1759 18994 ± 2280 18903 ± 7781 18485 ± 3700 

Mg 1290 ± 205 1641 ± 246 1359 ± 218 2163 ± 117 1938 ± 394 2089 ± 67 

Mn 97 ± 19 76 ± 31 135 ± 40 1516 ± 514 2042 ± 334 2059 ± 819 

Na 225 ± 19 652 ± 609 560 ± 88 377 ± 22 699 ± 194 1140 ± 149 

Ni 11 ± 2 9 ± 2 13 ± 0 7 ± 1 13 ± 1 9 ± 1 

P 2179 ± 767 3030 ± 833 2584 ± 519 4443 ± 260 3920 ± 683 3992 ± 310 

S 2500 ± 430 3364 ± 741 2608 ± 145 3646 ± 173 3591 ± 604 3434 ± 258 

 
 

 

 

 

 

 

 

 

 

 

Table S6. 



Pseudo elemental concentration in thermally treated sludge represented as mean ± standard deviation (n=3) 

_______________________________________________________      

              

As  <dl  

Pb  25.86 ± 1.78 

Cd  1.36 ± 0.06 

Zn  803.56 ± 14.51 

Cu  155.01 ± 1.99 

Fe  6769.66 ± 63.75 

Mn  179.71 ± 1.51 

____________________________________________                           
<dl value lower than the detection limit of the ICP OES 

 

 

 

 

 

 

 



  

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 


