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Table S1.  Reaction process matrix of the MFA 
 

Component [Xj]  Transfer factor to component j through process i [βi,j]  (unitless) Reaction rate of process i [ρi] 
(tons/year) 

Reaction flow process [Pi] ↓ X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12   

P1 Market food for 
human 1     -1        𝑃! + 𝑃" + 𝑃# − 𝑃$ − $𝑃% × 𝛽%,'' 

P2 Human excreta -1 β2,2       β 2,9    𝐶!,((*) × 𝑃, × 	356	 ×	10-. 

P3 Greywater -1 β 3,2       β 3,9     𝐶",((*) × 𝑃, × 	356	 ×	10-. 

P4 Food waste from 
household -1  β 4,3     β4,8 β 4,9    𝐶#,((*) × 𝑃, × 	356	 ×	10-. 

P5 Water consumption by 
households 1        -1     ((𝐶$/0,((*) ×	𝑄$ ×	𝛼/0) + (𝐶$10,((*) ×	𝑄$ ×	𝛼10)) ×

𝑃, × 	356	 ×	10-. 

P6-iMFA Fecal sludge from on-
site sanitation  

 -1     β6,7  β 6,9    𝐹23456-178926 ×	𝑁:1 ×	𝑄;1	 × 𝐶.,((*) × 10-. 

P6-sMFA             (𝑉:1 ×𝑁:1 × 𝛼;1-15) 𝐹23456-82;28⁄  

P7 Toilet effluent/leakage  -1       1 
 

  𝑃!$𝛽!,!' + 𝑃"$𝛽",!' − 𝑃. 

P8 Animal products β 8,1  -1   β8,6       
𝐶%,((*)(4=/>?@55A2>4:7A586) ×𝑊%(4=/>?@55A2>4:7A586) +
(𝐶%((*)3= × 𝑄%)  

P9 Animal feeding   1   -1        𝑃% + 𝑃', − 𝑃#(B!,#) − 𝑃'' − 𝑃'#(B$!,#) − 𝑃!'(B%$,#) − 𝑃!# 

P10 Manure   -1      β10,9   β10,12 𝐶',,((*) ×𝑁', × 365 × 10-.(pig+cattle+poultry) 

P11 Water consumption by 
livestock   1      -1    (𝐶$/0,((*) × 𝑄'') × 365 × 10-. 

P12 
N fixation from paddy 
field    1      -1   𝐹'! × 𝑆@/8= 

P13 Agriculture products    -1  1       𝐹'! × 𝑆@/8= 

P14 Residue from 
agriculture   β14,3 

-
1+β
14,4 

     
 

  𝑃'" × 𝛼821= 

P15 Water consumption by 
agriculture    1     -1    𝐶'$,((*) × 𝑄@/8= × 𝑆@/8= × 10-# 

P16 Fertilizer demand    1  -1       𝑄'. × 𝑆@/8= × 𝐶'.,((*) × 10" 

P17 N emission from 
agriculture    -1      1   𝑃'. × 𝑘(,?; 



P18 Agriculture runoff    -1     1    (𝑃'. + 𝑃'! + 𝑃'#(B$!,!) + 𝑃'$) × 𝑟𝑜((*) 

P19 
Production from 
industry     -1 1       𝐶'C,((*) × 𝑄'C 

P20 Industrial wastewater     -1    1    𝐶!,,((*) × 𝑄!, × 10-. 

P21 
Solid waste from 
industry   β21,3  -1   β21,8 β21,9 

 β21,11  𝐶!',((*) × 𝑄!' 

P22 Water consumption by 
industry     1    -1    𝐶$/0,((*) × 𝑄!! × 10-. 

P23 Raw material for 
industry     1 -1       𝑃'C + 𝑃!, + 𝑃!' − 𝑃!! 

P24 Market waste for 
animal feeding   1   -1       𝑄!# × 𝑅!# 

 
l Explanation on how to read Table S1 based on Eq. (1) and (2). 
For an example of P2 (human excreta), the amount of human excreta generated in the study area is calculated by the reaction rate based on unit N or P 
generation per capita per day and population data. All of human excreta will output from household (X1) to somewhere. Therefore, the transfer factor 
of P2 at X1 is “-1”. Then, a proportion (β2,2) of P2 (human excreta) is input into onsite sanitation (X2). The remaining (β 2,9) is input into X9 (Soil and 
water environment), meaning direct discharge of human excreta to water channel. It explains as all of human excreta is generated at and outputted 
from X1 (household), and then transferred to either of X2 (Onsite sanitation) or X9 (Soil and water environment). Considering the mass balance law, 
the sum of “-1”, ”β2,2“ and “β 2,9“ should be zero. Accordingly, Eq. (2) for P2 is zero.  

In real field, phosphorus could be accumulated in the soil of farmland. In this MFA, the component where phosphorus is accumulated (X9, i.e. 
soil and water environment) is out of the system boundary as shown in Figure S1. For example, P18 indicates the flow from agriculture to X9, which 
includes phosphorus accumulation amount per unit time into soil as well as runoff to water environment. It means phosphorus accumulation is not 
included in “Agriculture” within the system boundary but included in soil out of the system boundary. Accordingly, as far as equation (1) is applied 
to components within system boundary, Eq. (1) will be 0, meaning no accumulation at the components within the system boundary. Similarly, X6 
(Market) and X10 (Atmosphere) are geographically located inside the target area but conceptually excluded from the inner boundary to simplify mass 
balance of the components inside the system boundary (Figure S1). In the model, the market is the origin of goods to Household, chemical fertilizer 
to Agriculture, organic solid waste to Livestock, commercial feed to Livestock, and raw materials to Industry; also it is the destination of products 
from Agriculture, products from Livestock, and products from Industry. 
  



Table S2. Secondary data for the reaction rates of reaction processes 
 

Process Explanation and Symbol Unit Value 
(min-med-max) n Distribution 

type Reference 

Household (X1) Total population (P0) person 1,225,546 - - 1 
Human excreta (P2) N amount in human excreta (C2N) g/cap/d 3.9-8.9-13.7 29 lognormal 2-10 
 P amount in human excreta (C2P) g/cap/d 0.7-1.4-4.1 21 lognormal 3-11 
Greywater (P3) N amount in greywater (C3N) g/cap/d 0.6-4.4-8.5 12 lognormal 12-18 
 P amount in greywater (C3P) g/cap/d 0.2-0.5-1.9 8 lognormal 11-16 
Kitchen waste (P4) N amount in kitchen waste (C4N) g/cap/d 0.5-0.7-0.9 6 lognormal 9,12,14,19 
 P amount in kitchen waste (C4P) g/cap/d 0.1-0.3-0.8 8 lognormal 11-14 
Water consumption (P5) N concentration in ground water (C5Ngw) mg/l 6.2-8.9-13.1 10 lognormal 20 
 N concentration in surface water (C5Nsw) mg/l 8.3-9.7-13.1 4 triangular 20 
 P concentration in ground water (C5Pgw) mg/l 0.01-0.05-0.07 10 lognormal 20 
 P concentration in surface water (C5Psw) mg/l 0.01-0.03-0.05 4 triangular 20 
On-site sanitation (X2)       
Fecal sludge (P6) N concentration in fecal sludge (C6N) mg/l 245.0-459.5-627.0 4 triangular 21, 22, 23 
 P concentration in fecal sludge (C6P) mg/l 150.0-191.2-250.0 4 triangular 21, 22 
 Amount of fecal sludge collected per trip (Qfs) m3 4.5 - - 24 
 Total trips transported to disposal pond (Qtrip) trip/year 3,690 - - 24 
 Total on-site unit in the study area (Nos) Unit 213,104 - - 25 
 Average volume of onsite sanitation m3 4.5 - - 24 
 Desludging frequency (Fempty-refer) year/time 6.2-9.2-14.2 4 triangular 17, 26, 27 

 Proportion of each septic tank which is faecal 
sludge (i.e. not effluent, supernatant or infiltrate) (αfs-st) 

unitless 0.5 - - 27 

Toilet effluent (P7) 
Ratio of N accumulation in septic tank 
(αac(N)sep) 

unitless  0.05-0.09-0.10 3 triangular 9 

 Ratio of P accumulation in septic tank 
(αac(P)sep) 

unitless  0.11-0.19-0.27 3 triangular 9 

 Ratio of N accumulation in pit latrine (αac(N)pit) unitless  0.17-0.18-0.27 3 triangular 9 
 Ratio of P accumulation in pit latrine (αac(P)pit) unitless  0.18-0.29-0.40 3 triangular 9 
Livestock (X3)       
Animal production(P8) N amount in milk (C8Nmi) g/kg 5.4-4.9-4.4 1* normal 13 
 P amount in milk (C8Pmi) g/kg 1.1-1.0-0.9 1 normal 13 
 N amount in meat (pig) (C8Npi) g/kg 27-26-25 1 normal 13 
 N amount in meat (cattle) (C8Nca) g/kg 28.5-27.5-26.5 1 normal 13 



 N amount in meat (poultry) (C8Npo) g/kg 31-32-33 1 normal 13 
 P amount in meat (pig) (C8Ppi) g/kg 1.55-1.50-1.45 1 normal 13 
 P amount in meat (cattle) (C8Pca) g/kg 1.75-1.7-0.65 1 normal 13 
 P amount in meat (Poultry) (C8Ppo) g/kg 2.2-2.0-1.8 1 normal 13 
 Amount of milk production (Q8) ton/year 1960  - 1 
 Amount of meat production (pig) (W8pi) ton/year 3295  - 1 
 Amount of meat production (cattle) (W8ca) ton/year 391  - 1 
 Amount of meat production (poultry) (W8po) ton/year 11952  - 1 
Livestock manure (P10) N amount in manure (pig) (C10Npi) g/head/d 17.5-20.4-23.4 3 triangular 22, 28 
 N amount in manure (cattle) (C10Nca) g/head/d 31.7-128.9-198.0 7 lognormal 22, 28, 29, 30 
 N amount in manure (poultry) (C10Npo) g/head/d 0.4-1.2-1.6 4 triangular 22, 28, 30 
 P amount in manure (pig) (C10Ppi) g/head/d 4.6-6.8-8.1 3 triangular 22, 28 
 P amount in manure (cattle) (C10Pca) g/head/d 5.1-28.3-34.8 6 lognormal 22, 28, 29 
 P amount in manure (poultry) (C10Ppo) g/head/d 0.08-0.6-1.2 3 triangular 22, 28 
 Total number of livestock (pig) (N10pi) head 9,952  - 1 
 Total number of livestock (cattle) (N10ca) head 6,626  - 1 
 Total number of livestock (poultry) (N10po) head 318,176  - 1 
Water consumption (P11) Amount of water consumption (Q11) m3/day 361-691-1677 3 triangular 31,32 
Agriculture (X4)       
Nitrogen fixation (P12) Nitrogen fixation from paddy field (F12) kg/ha 9-100-149 13 normal 13, 33, 34, 35, 36 
Agricultural production 
(P13) 

Agricultural land area (Sagri) km2 0.8  - 1 
Total rice field area (Sagri(rice)) km2 0.5  - 1 

 Total vegetable field area (Sagri(veg)) km2 0.3  - 1 

 Amount of agricultural production (rice) 
(Pagri(rice)) 

ton/year 330  - 1 

 Amount of agricultural production (veg) 
(Pagri(veg)) 

ton/year 180  - 1 

Agricultural residue (P14) 
N amount in agricultural product (rice) 
(C13Nri) 

g/kg 10.7-11.4-13.4 4 triangle 13, 15, 37 

 N amount in agricultural product (veg) 
(C13Nveg) 

g/kg 4.7-5.6-6.7 4 triangle 15, 38, 39 

 P amount in agricultural product (rice) (C13Pri) g/kg 1.3-2.4-3.8 4 triangle 13, 15 

 P amount in agricultural product (veg) 
(C13Pveg) 

g/kg 0.40-0.48-0.55 4 triangle 13, 39 

 Ratio of agricultural residue to product (rice) 
(αres(rice)) 

unitless  0.53-0.59-0.64 5 triangle 13, 35, 40, 41, 42 



 Ratio of agricultural residue to product (veg) 
(αres(veg)) 

- 0.37-0.53-0.75 6 normal 35, 40, 41 

Water consumption (P15) Agricultural water consumption (Qagri) m3/ha 14015-16200 2 triangle 15, 43 
 N concentration in irrigation water (C15N) mg/l 0.3-2.1-6.9 9 lognormal 44 
 P concentration in irrigation water (C15P) mg/l 0.3-2.0-9.3 9 lognormal 44 
N emission (P17) N emission factor for paddy field (kN) unitless  0.06-0.13-0.16 4 triangle 38, 39 
Agricultural runoff (P18) Ratio of N runoff (roN) unitless  0.01-0.25-0.3 6 normal 23, 29, 45, 46, 47 
 Ratio of P runoff (roP) unitless  0.01-0.02-0.04 8 normal 23, 45, 46 
Industry (X5)       
Industrial production (P19) Amount of industrial production (Q19) ton/year 313282  normal 48 
Industrial solid waste (P21) N proportion in organic solid waste (C21N) % 2.0-2.7-3.8 5 triangular 19, 49, 50, 51 
 P proportion in organic solid waste (C21P) % 0.4-0.43-0.5 4 triangular 19, 50, 51 
Market (X6)       
Market Waste for animal 
feeding(P24) 

Amount of organic market waste generated 
(Q24) 

ton/day 50-51-52 36 normal 52 

 Ratio of livestock feeding from market 
vegetable waste (R24) 

unitless  0.05 - beta 52 

*one data with standard deviation. 



Table S3. Primary data for stochastics iMFA and sMFA with distribution 
  Intensive survey Local expert judgement  

Process Item (symbol) n Ratio n Ratio Distribution type 
Household (X1)       
Human excreta (P2) Ratio of human excreta going to onsite sanitation (β2,2) 400 0.98 10 0.935 beta(n, α, β)a  

  Ratio of human excreta going to ground soil/surface water/drainage 
(β2,9) 400 0.02 10 0.065 beta(n, α, β)   

Greywater (P3) Ratio of grey water going to onsite sanitation (β3,2) 400 0.01 10 0.03 beta(n, α, β)   
  Ratio of greywater going to ground soil/surface water/drainage (β3,9) 400 0.99 10 0.97 beta(n, α, β)   
Kitchen waste (P4) Ratio of kitchen waste going to livestock (β4,3) 400 0.01 10 0.17 beta(n, α, β)   

  Ratio of kitchen waste going to ground soil/surface water/drainage 
(β4,9) 400 0.19 10 0.18 beta(n, α, β)   

 Ratio of kitchen waste going to disposal sites (β4,8)  0.8057) 10 0.65 beta(n, α, β)   
Water consumption (P5) Ratio of surface water consumption (αsw) 400 0.05 10 0.10 beta(n, α, β)   
  Ratio of groundwater consumption by household (αgw) 400 0.95 10 0.90 beta(n, α, β)   
On-site sanitation (X2)       
Fecal sludge (P6) Ratio of fecal sludge going to disposal ponds (β6,7) 400 0.20 10 0.82 beta(n, α, β)   
  Ratio of fecal sludge going to ground soil/surface water/drainage (β6,9) 400 0.80 10 0.18 beta(n, α, β)   
Toilet effluent (P7) Ratio of septic tank (-) 400 0.84 10 0.80 beta(n, α, β)   
  Ratio of pit latrine (-) 400 0.16 10 0.20 beta(n, α, β)   
Livestock (X3)       
Livestock production (P8) Ratio of animal product going to household (β8,1) 21 0.32 9 0.17 beta(n, α, β)   
  Ratio of animal product going to market (β8,6) 21 0.68 9 0.83 beta(n, α, β)   

Livestock manure (P10) 
Ratio of manure going to agricultural activities outside the system 
boundary (β10,12) 21 0.57 9 0.58 beta(n, α, β) 

  Ratio of manure going to ground soil/surface water/drainage (β10,9) 21 0.43 9 0.42 beta(n, α, β) 
Agriculture (X4)       
Agricultural residue (P14) Ratio of residue going to livestock feeding (rice) (β14,3(rice)) 10 0 10 

0.47* beta(n, α, β) 

 
Ratio of residue going to livestock feeding (veg) (β14,3(veg)) 10 0.16  beta(n, α, β) 
Ratio of residue going to agriculture (rice) (β14,4(rice)) 10 1.00 10 

0.53* beta(n, α, β) 
 Ratio of residue going to agriculture (veg) (β14,4(veg)) 10 0.84  beta(n, α, β) 
Industry (X5)       
Industrial solid waste (P21) 

Ratio of industrial solid waste used for livestock feeding activities 
inside the system boundary (β21,3) 65 0.11 10 0.11 beta(n, α, β) 

 Ratio of industrial solid waste used for livestock feeding activities 
outside the system boundary (β21,11) 65 0.72 10 0 beta(n, α, β) 

  Ratio of industrial solid waste going to disposal sites (β21,8) 65 0.11 10 0.73 beta(n, α, β) 
  Ratio of industrial solid waste going to soil/surface water (β21,9) 65 0.06 10 0.16 beta(n, α, β) 
an= number of integration, α = μν, β = (1 − μ)ν, v=sample number 
*Estimation of the ratios of agricultural residue going to livestock feeding and agriculture were integrated for rice and vegetable.   



Table S4. Estimation of amount and standard deviation of industrial wastewater and solid waste 
 
 Wastewater Solid waste 

Model type Intensive (iMFA) Simplified (sMFA) Both Intensive (iMFA) 

Parameter 
Amount 

(m3/year) 
SD 

distribution 

type 

Amount 

(m3/year) 

Amount 

(m3/year) 

Distribution 

type 
TN(mg/l) TP(mg/l) 

Amount 

(ton/year) 
SD distribution 

Type of industry (IS)   (WHO 1993) (OECC 2003)  (JSWA 1999)    

Oil_L 168630 101582 normal 12328 18054 triangular 20 29 13996 18692 normal 

Beverage_L 278404 167710 normal 1993998 352920 triangular 172 8 5781 7720 normal 

Softdrink_L 42924 25857 normal 51200 39290 triangular 19 3 283 378 normal 

Coffeemix_L 9928 5981 normal 17820 46775 triangular 33 4 222 296 normal 

Tealeaf_L 5953 3586 normal 22586 7358 triangular 49 19 55 74 normal 

Sugar_L 2920 1759 normal 299472 2015821 triangular 37 2 5793 7736 normal 

Candy_L 5786254 3485623 normal 57816 313170 triangular 56 9 100 133 normal 

Rusk_L 148920 89709 normal 259682 750191 triangular 56 9 828 1106 normal 

Noodle_L 14162 8531 normal 446 324 triangular 22 8 10 13 normal 

Flour_L 111690 67282 normal 793386 1009836 triangular 12 3 1146 1531 normal 

Livestockfeed_L 14965 9015 normal 4087866 1824940 triangular 126 66 14 18 normal 

Milling_L* 0 - normal 17043 567791 triangular 0 0 32851 43872 normal 

PreservedMeat_L 11169 6728 normal 2500 1800 triangular 101 21 1 2 normal 

Icecream_L 19345 11653 normal 113 488 triangular 35 9 331 442 normal 

Oil_M 0 - normal 2135 3138 triangular 0 0 2060 2751 normal 

Icecream_M 19345 11653 normal 113 488 triangular 35 9 331 442 normal 

Rusk_M 15476 9323 normal 5256 15184 triangular 56 9 69 92 normal 

Flour_M 3285 1979 normal 80399 102333 triangular 12 3 464 619 normal 

Milling_M* 0 - normal 350 11644 triangular 0 0 7616 10172 normal 

Sauce_M 6935 4178 normal 11 27 triangular 49 8 147 196 normal 

C.Milk_M 876 527.7 normal 803 1205 triangular 35 9 0.1 0.5 normal 

Oil_S 657 396 normal 7 11 triangular 20 29 33 44 normal 



Sugar_S 1113 671 normal 3024 20355 triangular 37 2 508 678 normal 

Rusk_S 17885 10774 normal 1314 3796 triangular 56 9 5 7 normal 

Flour_S 657 396 normal 5346 6804 triangular 12 3 151 201 normal 

Milling_S* 0 - normal 287 9545 triangular 0 0 610 814 normal 

iMFA means intensive material flow analysis and sMFA means simplified material flow analysis. IS means intensive survey. SD means standard 
deviation. L, M and S mean large, median and small, respectively, for the sizes of industries. 
Sizes of industries were distinguished by the number of labors; 15-50 labors for the small-scale, 51-300 labors for the median-scale and, 301 and 
more labors for the large-scale industries (MOI 2016). 
*TN and TP in the wastewater were referred from WHO 1993 because JSWA 1999 did not mention them. 
 
 
 
 
 



 
Table S5. Number, type and size of food and beverage factories in urban Mandalay 

 

Type 
No. of factories by size in the study 
area 

Surveed no. of factories 

Large Median Small Total Large Median Small Total 
Oil 21 33 1 55 3 1 1  
Beverage 3     3 4    
Soft drink 4     4 3    
Coffee mix 1     1 1    
Ice cream 1 1   2 1    
Tealeaf 1     1   1  
Sugar 2   1 3 2 2   
Jelly, candy 3     3 2 1   
Rusk 17 4 1 22 12 7 1  
Noddle 2     2 1 1 1  
Flour 4 5 1 10 2 1 1  
Milling 22 11 2 35  5 3  
Animal feed 5     5 1    
Yeast 1     1     
Preserved meat 1     1  2   
Sauce   1   1   4  
Condensed milk      1   
Total 88 55 6 149 32 21 12 65 
Source: (48)     



 
Text S1. Industrial wastewater generation estimation 
 
Industrial wastewater generation was estimated by the following equation. The details are summarized in Table 
3S. 

Q20 =  ∑ (𝑃𝑟𝑜!	# × 𝑈#)#     Eq. (S1) 
 
where, Q20 = industrial wastewater generation (m3/year), 

Proi_w = industrial production of w type industry (ton/year) 

Uw = wastewater generation from a unit production of w type industry (m3/ton) 

 
For iMFA, industrial water consumption, wastewater generation and solid waste generation were estimated from 
65 industrial managers from different types of industries. This study assumed that the shape of probability 
distribution was parallelly the same for every type and size of industry and the size of distribution was parallelly 
moved. Therefore, standard deviation (SD) for industrial water consumption, wastewater and solid waste 
generation for each industry was estimated proportionally from the SD of Rusk (large size) industry which had 
12 sample numbers, the largest sample number among different types of industries in 65 industrial manager 
interview survey (Table 4S). Normal distribution with estimated SD was used for industrial water consumption, 
wastewater generation and solid waste generation in iMFA. 

For sMFA, Industrial wastewater generation, as mentioned before, was estimated based on two different reports 
and triangular distribution was used for each type of industry. Solid waste generation was estimated by the 9 out 
of 10 local experts who participated in our survey, not distinguishing between the types of industries, but 
integrating as an overall solid waste generation (ton/year) from all of the industries, and the normal distribution 
was used. The parameters such as mean and standard deviation (SD) to get PDF were defined from the 
fitdisplus package in R version 3.6.1. 
  



 
 

 

Figure S1. A schematic diagram of a material flow model. Pn indicate each reaction flow process. go= goods, 
hex = human excreta, gw = greywater, kwaste = kitchen waste, w = water, fs = fecal sludge, ef/l = effluent/leakage, 
pron = production of a component, f = feeding, m = manure, fix = N fixation, resi = residue, fd = chemical fertilizer 
demand, g = gas, ro&ac = runoff and soil accumulation, ww = wastewater, osw= organic solid waste, rm = raw 
material 
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(a). iMFA nitrogen flow (ton-N/year).  

 
(b). iMFA phosphorus flow (ton-P/year).  

Figure S2. Intensive MFA (iMFA) estimation of nitrogen and phosphorus flows as median values of the 
stochastic modeling. Abbreviation indicate as follows: go= goods, hex = human excreta, gw = greywater, kwaste 
= kitchen waste, w = water, fs = fecal sludge, ef/l = effluent/leakage, pron = production of a component, f = 
feeding, m = manure, fix = N fixation, resi = residue, fd = chemical fertilizer demand, g = gas, ro&ac = runoff 
and soil accumulation, ww = wastewater, osw= organic solid waste, rm = raw material.  The total loading to 
Soil and Water Environment (X9) is a sum of input from Household (X1; hex, gw and kwaste), Onsite Sanitation 
(X2; ef/l and fs), Livestock (X3; m), Agriculture (X4; ro&ac), Industry (X5; ww and osw). 
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(a). sMFA nitrogen flow (ton-N/year).  

 
(b). sMFA phosphorus flow (ton-P/year).  

Figure S3. Simplified MFA (sMFA) estimation of nitrogen and phosphorus flows as median values of the 
stochastic modeling. Abbreviations indicate as follows: go= goods, hex = human excreta, gw = greywater, 
kwaste = kitchen waste, w = water, fs = fecal sludge, ef/l = effluent/leakage, pron = production of a 
component, f = feeding, m = manure, fix = N fixation, resi = residue, fd = chemical fertilizer demand, g = gas, 
ro&ac = runoff and soil accumulation, ww = wastewater, osw= organic solid waste, rm = raw material. The 
total loading to Soil and Water Environment (X9) is a sum of input from Household (X1; hex, gw and kwaste), 
Onsite Sanitation (X2; ef/l and fs), Livestock (X3; m),Agriculture (X4; ro&ac), Industry (X5; ww and osw).  
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Figure S4. Histogram of phosphorus loadings to soil and water environment of the stochastic iMFA and sMFA 
with 100,000 iterations (tons/year). Grey histograms were referred to iMFA and white ones to sMFA. OS means 
onsite sanitation. n∆med means normalized median difference and n80%CI means normalized width of 80% 
confidence interval. 
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