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Table S1. Parameters used in exposure risk assessment in this study. 

Parameter Description Values Unit Reference 

CF Concentration of the metal in rice  μg/kg This study 

EF Exposure Frequency 365 day/year [1] 

IR Rice Intake Rate  g/day [2] 

ED Exposure Duration 70 years [1] 

BW Body weight  kg [3] 

AT Average exposure time 
365× ED (non-carcinogenic) 

365× 70 (carcinogenic) 
day [4] 

Table S2. Body weight, intake rate, and age for calculating EDI in Nepal. 

Category Body weight (kg) Intake rate (g/day) Age 

Province 1 60 308.3 Adult 

Madhesh 60 345.7 Adult 

Bagmati  60 280.3 Adult 

Gandaki 60 320.0 Adult 

Lumbini 60 339.2 Adult 

Karnail 60 291.5 Adult 

Sudurpashchim  60 259.8 Adult 

Terai 60 341.5 Adult 

Hill 60 275.6 Adult 

Mountain 60 315.8 Adult 

Urban 60 304.5 Adult 

Rural 60 316.2 Adult 

Women 50 322.4 15-49 years 

Children 32 260.6 5-12 years 

Toddlers 8.63 86.0 13-24 months 

Preschooler 12 176.0 37-50 months 

Total Nepal 60 313.0 Adult 
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Table S3. Concentrations of Cd, As, Pb, and Cu in market rice reported from other countries. 

Rice 

origin 

Sam-

pling/ Sample 

size 

Cd 

(μg/kg) 

Range 

(μg/kg) 

As 

(μg/kg) 

Range 

(μg/kg) 

Pb 

(μg/kg) 

Range 

(μg/kg) 
Cu (μg/kg) 

Range 

(μg/kg) 

Refer-

ence purchas-

ing site 

Nepal 
7 prov-

inces 
170 

15.3 ± 

16.1 
9.00-95.4 43.4±19.6 6.4-120.8 16± 14 5.5-121.4 1065.5±1210.3 

 236.6-

10058.5 

This 

study 

Nepal Nepal 12 50 13.9-80 No No No No No No [5] 

Nepal Nepal 12 No No No No 33.0±26.0 3.0-71 No No [6] 

Sri 

Lanka 
Sri Lanka 165 80±130 3-727 77±40 19-217 31±50 1.0-345 No No [7] 

Sri 

Lanka 
Sri Lanka 226 85 No 43 2.50-213 No No No No [8] 

Sri 

Lanka 
Sri Lanka 41 No No No No 20±1.5 3.0-61.0 No No [6] 

Ghana Ghana 428 20  5.00-270 No No No No No No [5] 

Malay-

sia 
Malaysia 66 95 No 91 No 110 No 2400 No [9] 

India India 64 No No No No 
23.0 ± 

40.0 
3.0-266 No No [6] 

Iran 
Yazd, 

Iran 
108 

37.3 ± 

23.4 
No 

33.5 ± 

18.4 
No 328 ± 44.8 132 -463 No No [10] 

Spain Spain 89 No No No No 
15.0 ± 

11.0 
3.0-89.0 No No [6] 

China 
20 prov-

inces 
712 50 ND-740 119 ND-490 62 ND-400 No No [1] 

Brazil Brazil 23 No No No No 
5.30 ± 

4.10 
0.4-14.5 No No [11] 

China 
22 prov-

inces 
92 

80.0 ± 

70.0 
ND-373 

50.0 ± 

10.0 
ND-310 100-140 ND-524 No No [12] 

Korea Korea 63 21 10-32 122 43-199 No No 1850 1290-2530 [13] 

Bangla-

desh 

Bangla-

desh 
6 73 69-77 No No 19 5-28 1600 1300-1900 [14] 

Paki-

stan 
Pakistan 9 4.5 ND-8.9 No No 67 3-168 2600 1900-3600 [14] 

Thai-

land 
Thailand 12 13 6.3-17.8 No No 419 96-921 3500 2000-6800 [14] 

India India 15 19.1 ND-36.4 No No 267 2-637 5900 2300-11800 [14] 

Aus-

tralia 
Australia 21 7.5 8.7-17.1 No No 375 16-1248 2900 1000-9400 [14] 

Italy Italy 6 0.5 0.2-0.8 No No 317 44-841 5800 1300-13000 [14] 

Vi-

etnam  
Vietnam  3 No No No No No No 9300 7900-10700 [5] 

Iran Iran 36 33.7 ± 39 1-222 369± 94 91-872 123 ±140 5-574 3095±439420 1690-4590 [15] 

India India 17 No No No No No No 5900 2300-11800 [5] 
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Table S4. Heavy metals exposure (μg/kg bw/day) via rice consumption and corresponding HQs, HI. 

Element Categories Mean±Std  Min Max P50 P75 P90 P95 P97.5 P99 P99.9 
 Province 1 0.127±0.161 0.00904 0.490  0.0789 0.152 0.276 0.379 0.511 0.760 1.78 
 Madhesh 0.127±0.113 0.0392 0.267  0.0930 0.150 0.241 0.326 0.427 0.565 1.07 
 Bagmati  0.0841±0.0540 0.0125 0.261  0.0723  0.107 0.151 0.183 0.219 0.270 0.418 
 Lumbini 0.124±0.0830 0.00977  0.388  0.107 0.170 0.241 0.287 0.330 0.371 0.457 
 Sudurpashchim  0.0889±0.0523 0.0184  0.225  0.0808  0.116 0.155 0.184 0.213 0.256 0.349 
 Terai 0.119±0.0970 0.00746  0.543  0.0925  0.152 0.235 0.301 0.371 0.488 0.773 

Cd Hill 0.0958±0.0783 0.00602  0.438  0.0746  0.123 0.189 0.243 0.299 0.394 0.623 
 Mountain 0.110±0.0897 0.00690  0.502  0.0855  0.141 0.217 0.278 0.343 0.451 0.714 
 Urban 0.106±0.0865 0.00665  0.484  0.0824  0.135 0.209 0.268 0.331 0.435 0.689 
 Rural 0.110±0.0898 0.00691  0.503  0.0856  0.141 0.217 0.278 0.343 0.452 0.715 
 Women 0.134±0.110 0.00845  0.615  0.105 0.172 0.266 0.341 0.420 0.553 0.875 
 Children 0.170±0.139 0.0107  0.777  0.132 0.217 0.335 0.430 0.530 0.698 1.11 
 Toddlers 0.208±0.170 0.0131  0.950  0.162 0.266 0.411 0.527 0.649 0.854 1.35 
 Preschooler 0.306±0.250 0.0192  1.399  0.238 0.392 0.604 0.775 0.955 1.26 1.99 
 Total Nepal 0.108±0.0888 0.00684  0.498  0.0846  0.138 0.212 0.274 0.345 0.440 0.719 

  HQ 0.108±0.0888 0.00684  0.498  0.0846  0.138  0.212  0.274  0.345  0.440  0.719  
 Province 1 0.211±0.095 0.0330  0.474  0.211 0.269 0.325 0.364 0.402 0.453 0.600 
 Madhesh 0.313±0.169 0.0980 0.696  0.275 0.391 0.529 0.632 0.748 0.896 1.28 
 Bagmati  0.227±0.0670 0.118 0.382  0.223 0.277 0.321 0.345 0.362 0.377 0.395 
 Lumbini 0.295±0.101 0.131 0.485  0.291 0.374 0.435 0.464 0.483 0.498 0.513 
 Sudurpashchim  0.163±0.0582 0.0751 0.261  0.163 0.212 0.245 0.256 0.263 0.267 0.270 
 Terai 0.274±0.112 0.0366  0.688  0.264 0.341 0.418 0.476 0.532 0.587 0.730 

As Hill 0.221±0.0905 0.0295 0.555  0.213 0.275 0.338 0.384 0.429 0.474 0.589 
 Mountain 0.253±0.104 0.0338 0.636  0.244 0.315 0.387 0.440 0.492 0.543 0.675 
 Urban 0.244±0.100 0.0326 0.613  0.235 0.304 0.373 0.424 0.474 0.523 0.651 
 Rural 0.253±0.104 0.0339 0.637  0.244 0.316 0.387 0.440 0.493 0.543 0.676 
 Women 0.310±0.127 0.0414 0.779  0.299 0.386 0.474 0.539 0.603 0.665 0.827 
 Children 0.392±0.160 0.0523 0.98  0.378 0.488 0.598 0.681 0.761 0.840 1.04 
 Toddlers 0.479±0.196 0.0641 1.20  0.462 0.597 0.732 0.833 0.931 1.03 1.28 
 Preschooler 0.705±0.289 0.0943 1.77  0.680 0.879 1.078 1.23 1.37 1.51 1.88 
 Total Nepal 0.250±0.104 0.0335 0.630  0.239 0.313 0.388 0.436 0.484 0.543 0.671 

  HQ 0.834±0.346 0.112 2.10  0.795 1.04 1.29 1.45 1.61 1.81 2.24 
 Province 1 0.0977±0.0710 0.0282 0.624 0.077 0.118 0.180 0.230 0.291 0.364 0.631 
 Madhesh 0.117±0.0693 0.0330 0.213 0.100 0.145 0.205 0.249 0.295 0.352 0.534 
 Bagmati  0.0732±0.0479 0.0276 0.201 0.0602  0.0860 0.124 0.158 0.197 0.248 0.451 
 Lumbini 0.116±0.0551 0.0340 0.290  0.104 0.141 0.187 0.221 0.253 0.298 0.404 
 Sudurpashchim  0.0680±0.0925 0.0346 0.116 0.0476  0.0677 0.109 0.157 0.226 0.336 1.03 
 Terai 0.108±0.0769 0.0313 0.691 0.0867  0.130 0.193 0.247 0.306 0.407 0.755 

Pb Hill 0.0875±0.0621 0.0252 0.558 0.0700  0.105 0.156 0.200 0.247 0.329 0.610 
 Mountain 0.100±0.0712 0.0289 0.639 0.0802  0.121 0.179 0.229 0.283 0.377 0.699 
 Urban 0.0967±0.0686 0.0279 0.616 0.0773  0.116 0.172 0.220 0.273 0.363 0.673 
 Rural 0.100±0.0712 0.0289 0.64 0.0803  0.121 0.179 0.229 0.284 0.377 0.699 
 Women 0.123±0.0871 0.0354 0.783 0.0982  0.148 0.219 0.280 0.347 0.461 0.856 
 Children 0.155±0.110 0.0447 0.989 0.124 0.187 0.277 0.354 0.438 0.582 1.08 
 Toddlers 0.190±0.135 0.0547 1.21 0.152 0.228 0.338 0.433 0.537 0.713 1.32 
 Preschooler 0.279±0.198 0.0806 1.78 0.223 0.336 0.498 0.637 0.790 1.05 1.95 
 Total Nepal 0.100±0.0720 0.0287 0.633 0.0799  0.120 0.179 0.231 0.292 0.382 0.656 

  HQ 0.0282±0.0202 0.00705  0.269 0.0846  0.138  0.212  0.274  0.345  0.440  0.719  
 Province 1 6.98±5.60 1.35 51.7 5.36  8.47  13.00 17.0  22.2  29.6  47.7  
 Madhesh 10.4±10.7 2.61  37.8 7.20  12.1  19.96 28.6  38.0  51.2  120 
 Bagmati  4.85±1.17 2.43 7.27 4.85  5.66  6.370 6.76 7.09 7.49 8.33 
 Lumbini 5.77±2.17 1.53  11.4 5.42  6.89  8.540 9.87 11.1  12.5  16.5  
 Sudurpashchim  4.75±1.38 2.38 7.03 4.80  5.75  6.507 6.96 7.33 7.68 8.50 
 Terai 6.88±3.82 1.50  57.3  5.93  8.36  11.498 14.2  17.0  20.0  30.9  

Cu Hill 5.55±3.08 1.21 46.2  4.78  6.74  9.28 11.5  13.7  16.2  24.9  
 Mountain 6.36±3.53 1.39 52.9  5.48  7.73  10.633 13.1  15.7  18.5  28.5  
 Urban 6.13±3.41 1.34 51.0  5.28  7.45  10.251 12.7  15.2  17.9  27.5  
 Rural 6.37±3.54 1.39 53.0  5.49  7.74  10.644 13.2  15.7  18.5  28.6  
 Women 7.79±4.33 1.70  64.8  6.71  9.47  13.022 16.1  19.3  22.7  34.9  
 Children 9.84±5.47 2.15  81.9  8.48  12.0  16.450 20.3  24.3  28.7  44.1  
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 Toddlers 12.0±6.69 2.63 100.2  10.37 14.6 20.129 24.9  29.8  35.1  54.0  
 Preschooler 17.7±9.85 3.87 147.5 15.27 21.5 29.625 36.6  43.8  51.6  79.5  
 Total Nepal 6.35±3.47 1.38 52.5 5.51 7.76 10.659 13.0  15.3  18.6  27.7 

  HQ 0.159±0.0867 0.0344 1.31 0.138  0.194  0.266  0.324  0.382  0.466  0.692  

  HI 1.13±0.368 0.240  2.49  1.09 1.35 1.62 1.79 1.94 2.17 2.52 

Table S5. Carcinogenic risk (CR) and total carcinogenic risk (TCR) based on Monte Carlo simulation. 

Element Categories Mean±Std P50 P75 P90 P95 P97.5 P99 P99.9 
 Province 1 7.73×10-4±9.80×10-4 4.81×10-4 9.29×10-4 1.69×10-3 2.31×10-3 3.12×10-3 4.64×10-3 1.09×10-2 
 Madhesh 7.76×10-4±6.89×10-4 5.67×10-4 9.13×10-4 1.47×10-3 1.99×10-3 2.60×10-3 3.45×10-3 6.55×10-3 
 Bagmati 5.13×10-4±3.03×10-4 4.41×10-4 6.51×10-4 9.21×10-4 1.11×10-3 1.33×10-3 1.65×10-3 2.55×10-3 
 Lumbini 7.58×10-4±5.06×10-4 6.53×10-4 1.03×10-3 1.47×10-3 1.75×10-3 2.01×10-3 2.26×10-3 2.79×10-3 
 Sudurpashchim 5.42×10-4±3.19×10-4 4.93×10-4 7.11×10-4 9.48×10-4 1.12×10-3 1.30×10-3 1.56×10-3 2.13×10-3 
 Terai 7.24×10-4±5.92×10-4 5.64×10-4 9.27×10-4 1.43×10-3 1.83×10-3 2.26×10-3 2.98×10-3 4.71×10-3 

Cd Hill 5.84×10-4±4.78×10-4 4.55×10-4 7.48×10-4 1.15×10-3 1.48×10-3 1.83×10-3 2.40×10-3 3.80×10-3 
 Mountain 6.70×10-4±5.47×10-4 5.22×10-4 8.57×10-4 1.32×10-3 1.70×10-3 2.09×10-3 2.75×10-3 4.36×10-3 
 Urban 6.46×10-4±5.28×10-4 5.03×10-4 8.26×10-4 1.28×10-3 1.64×10-3 2.02×10-3 2.65×10-3 4.20×10-3 
 Rural 6.70×10-4±5.48×10-4 5.22×10-4 8.58×10-4 1.32×10-3 1.70×10-3 2.09×10-3 2.76×10-3 4.36×10-3 
 Women 8.20×10-4±6.70×10-4 6.39×10-4 1.05×10-3 1.62×10-3 2.08×10-3 2.56×10-3 3.37×10-3 5.34×10-3 
 Children 1.04×10-3±8.47×10-4 8.07×10-4 1.33×10-3 2.05×10-3 2.63×10-3 3.24×10-3 4.26×10-3 6.74×10-3 
 Toddlers 1.27×10-3±1.04×10-4 9.87×10-4 1.62×10-3 2.50×10-3 3.21×10-3 3.96×10-3 5.21E-03 8.25×10-3 
 Preschooler 1.87×10-3±1.53×10-3 1.45×10-3 2.39×10-3 3.69×10-3 4.73×10-3 5.83×10-3 7.67×10-3 1.21×10-3 
 Total Nepal 6.62×10-4±5.42×10-4 5.16×10-4 8.39×10-4 1.29×10-3 1.67×10-3 2.10×10-3 2.68×10-3 4.39×10-3 
 Province 1 3.17×10-4±1.42×10-4 3.16×10-4 4.03×10-4 4.87×10-4 5.46×10-4 6.03×10-4 6.80×10-4 9.00×10-4 
 Madhesh 4.70×10-4±2.54×10-4 4.12×10-4 5.87×10-4 7.94×10-4 9.47×10-4 1.12×10-3 1.34×10-3 1.91×10-3 
 Bagmati 3.41×10-4±1.00×10-4 3.34×10-4 4.15×10-4 4.82×10-4 5.18×10-4 5.43×10-4 5.66×10-4 5.92×10-4 
 Lumbini 4.43×10-4±1.51×10-4 4.37×10-4 5.60×10-4 6.52×10-4 6.96×10-4 7.24×10-4 7.47×10-4 7.70×10-4 
 Sudurpashchim 2.45×10-4±8.74×10-5 2.44×10-4 3.18×10-4 3.67×10-4 3.84×10-4 3.94×10-4 4.00×10-4 4.05×10-4 
 Terai 4.11×10-4±1.68×10-4 3.96×10-4 5.11×10-4 6.27×10-4 7.13×10-4 7.98×10-4 8.80×10-4 1.09×10-3 

As Hill 3.31×10-4±1.36×10-4 3.20×10-4 4.13×10-4 5.06×10-4 5.76×10-4 6.44×10-4 7.10×10-4 8.84×10-4 
 Mountain 3.80×10-4±1.56×10-4 3.66×10-4 4.73×10-4 5.80×10-4 6.60×10-4 7.38×10-4 8.14×10-4 1.01×10-3 
 Urban 3.66×10-4±1.50×10-4 3.53×10-4 4.56×10-4 5.59×10-4 6.36×10-4 7.11×10-4 7.85×10-4 9.76×10-4 
 Rural 3.80×10-4±1.56×10-4 3.67×10-4 4.73×10-4 5.81×10-4 6.61×10-4 7.39×10-4 8.15×10-4 1.01×10-3 
 Women 4.65×10-4±1.91×10-4 4.48×10-4 5.79×10-4 7.11×10-4 8.08×10-4 9.04×10-4 9.97×10-4 1.24×10-3 
 Children 5.87×10-4±2.41×10-4 5.66×10-4 7.32×10-4 8.98×10-4 1.02×10-3 1.14×10-3 1.26×10-3 1.57×10-3 
 Toddlers 7.19×10-4±2.94×10-4 6.93×10-4 8.95×10-4 1.10×10-3 1.25×10-3 1.40×10-3 1.54×10-3 1.92×10-3 
 Preschooler 1.06×10-3±4.33×10-4 1.02×10-3 1.32×10-3 1.62×10-3 1.84×10-3 2.06×10-3 2.27×10-3 2.82×10-3 
 Total Nepal 3.75×10-4±1.55×10-4 3.58×10-4 4.70×10-4 5.82×10-4 6.53×10-4 7.27×10-4 8.14×10-4 1.01×10-3 
 Province 1 8.30×10-7±6.04×10-7 6.55×10-7 1.00×10-6 1.53×10-6 1.95×10-6 2.47×10-6 3.10×10-6 5.36×10-6 
 Madhesh 9.92×10-7±5.89×10-7 8.49×10-7 1.23×10-6 1.74×10-6 2.11×10-6 2.51×10-6 2.99×10-6 4.54×10-6 
 Bagmati 6.22×10-7±4.07×10-7 5.11×10-7 7.31×10-7 1.05×10-6 1.34×10-6 1.68×10-6 2.11×10-6 3.83×10-6 
 Lumbini 9.86×10-7±4.68×10-7 8.88×10-7 1.20×10-6 1.59×10-6 1.88×10-6 2.15×10-6 2.53×10-6 3.43×10-6 
 Sudurpashchim 5.78×10-7±7.87×10-7 4.05×10-7 5.75×10-7 9.23×10-7 1.33×10-6 1.92×10-6 2.86×10-6 8.75×10-6 
 Terai 9.22×10-7±6.54×10-7 7.37×10-7 1.11×10-6 1.64×10-6 2.10×10-6 2.60×10-6 3.46×10-6 6.42×10-6 

Pb Hill 7.44×10-7±5.28×10-7 5.95×10-7 8.94×10-7 1.33×10-6 1.70×10-6 2.10×10-6 2.79×10-6 5.18×10-6 
 Mountain 8.53×10-7±6.05×10-7 6.82×10-7 1.02×10-6 1.52×10-6 1.94×10-6 2.41×10-6 3.20×10-6 5.94×10-6 
 Urban 8.22×10-7±5.83×10-7 6.57×10-7 9.88×10-7 1.47×10-6 1.87×10-6 2.32×10-6 3.09×10-6 5.72×10-6 
 Rural 8.54×10-7±6.05×10-7 6.82×10-7 1.03×10-6 1.52×10-6 1.95×10-6 2.41×10-6 3.20×10-6 5.94×10-6 
 Women 1.04×10-6±7.41×10-7 8.35×10-7 1.26×10-6 1.86×10-6 2.38×10-6 2.95×10-6 3.92×10-6 7.27×10-6 
 Children 1.32×10-6±9.36×10-7 1.05×10-6 1.59×10-6 2.35×10-6 3.01×10-6 3.73×10-6 4.95×10-6 9.19×10-6 
 Toddlers 1.61×10-6±1.14×10-6 1.29×10-6 1.94×10-6 2.88×10-6 3.68×10-6 4.56×10-6 6.06×10-6 1.12×10-5 
 Preschooler 2.38×10-6±1.69×10-6 1.90×10-6 2.86×10-6 4.23×10-6 5.42×10-6 6.71×10-6 8.92×10-6 1.65×10-5 
 Total Nepal 8.54×10-7±6.12×10-7 6.79×10-7 1.02×10-6 1.52×10-6 1.96×10-6 2.48×10-6 3.25×10-6 5.57×10-6 
 TCR 1.04×10-3±5.63×10-4 9.06×10-4 1.25×10-3 1.70×10-3 2.09×10-3 2.49×10-3 3.08×10-3 4.79×10-3 
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Figure S1. Probability distribution of hazard quotients (HQs) of As (a), Cd (b), Pb (c), and Cu (d) in different regions, 

and probability distribution of hazard quotients (HQs) of As (e), Cd (f), Pb (g), and Cu (h) for various vulnerable pop-

ulations. 

 

Figure S2. Probability distributions for Carcinogenic risk (CR) of As (a), Cd (b), and Pb (c) in different regions, and 

probability distributions for Carcinogenic risk (CR) of As (d), Cd (e), and Pb (f) for various vulnerable populations. 
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