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Abstract: Rural public toilet excreta is one of the main sources of organic fertilizer in remote mountainous and barren areas, yet its

ecological safety during resource utilization is often ignored. In this study, water—flushing public toilets and water—saving public toilets, the
two types of toilet commonly used in the “toilet revolution”, were selected for resource potential analysis and ecological risk assessment.
The amounts of nutrients and toxic substances (including heavy metals and antibiotics) in excreta were analyzed. The ecological risk index
(Iz) and hazard quotient (Qn) were used to evaluate the potential ecological risks, due to heavy metals and antibiotics residues,
respectively, in the utilization of rural public toilet excreta. The results showed that the concentrations of heavy metals in urine/black water
were 1.44~895.03 pg- L™ and 1.04~18 519.34 pg- L, the concentrations of heavy metals in compost products/feces were 3.96~3 185.07
mg - kg and 12.43~19 105.59 mg - kg™'; while the concentration of antibiotics in urine/black water was 0~128.13 pg+ L™, and the
concentration of antibiotics in compost products/feces was 0~32.32 mg-kg™". The calculated Ix indicated that no ecological risk would occur
during the application of urine/black water(/z<150), while the heavy metals in compost products/feces could pose a high ecological risk in
land applications (Iz=600). The Qy indicated that the oxytetracycline, ofloxacin, and ciprofloxacin contained in urine/black water and
compost products/feces might lead to moderate or high ecological risk during land applications (Qy>0.1). Compared with feces and black
water from water—flushing public toilets, the contents of antibiotics in compost products/urine from water—saving public toilets showed
lower ecological risks, indicating that water—saving public toilets were helpful in reducing antibiotic-associated ecological risks. These
findings show that heavy metals in compost products (from water—saving public toilets) and feces (from water—flushing public toilets) can

cause serious ecological risks during land application, and the water—saving operation of public toilets is conducive to reducing the

ecological risks of antibiotics.

Keywords : rural public toilet; feces; heavy metal; antibiotic; ecological risk
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Figure 1 Inner photos of non—water flushing and water flushing

public toilets
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Table 2 Regular parameters in effluent from septic tanks of public toilets

ZH 5K 1R K 2 IR b QUINE 717 Kl 2 38 b QUIKE (17
Parameter Saving 1 urine Saving 2 urine  Flushing 1 black water ~ Flushing 2 black water ~ Flushing 3 black water
pH 8.91+0.01 8.94+0.01 8.19+0.01 7.58+0.01 8.100.01
TS/(g-L") 10.31+0.06 14.76+0.70 0.38+0.01 0.31+0.09 2.19+0.17
TDS/(g-L7") 9.94+0.02 13.80+0.49 0.32+0.02 0.100.01 0.53+0.02
DVS/(g-L7™) 0.62+0.07 2.80+0.44 0 0.05+0.01 0.28+0.03
SS/(g-L") 0.37+0.05 0.96+0.35 0.05+0.01 0.2120.08 1.6620.18
A1, 5% Conductivity/(mS+em™) 25.60+0.10 29.40+0.06 0.52+0.01 0.28+0.01 1.66+0.01
ERJE Salinity/% 1.51+0.01 1.73+0.01 0.03+0.01 0.0120.01 0.08+0.01
TOC/(mg-L") 1 322.66+47.90 3206.85+52.97 12.23+3.94 20.54+1.75 81.63=1.08
NHi-N/(mg-L™") 2828.96+80.84 4 408.29+146.12 6.19+1.02 10.53+0.06 110.44£2.19
NO:-N/(mg- L) 24.07+0.85 24.37+0.59 4.09+0.19 0.0320.01 1.13£0.18
TN/(mg-L™) 4072.09+244.83 6 543.06+166.90 16.00+2.00 25.88+2.17 225.17+5.96
PO -P/(mg-L™") 241.50+2.29 416.60+3.04 0.30+0.15 1.6020.06 10.80+0.30
TP/(mg-1") 246.05+8.32 443.16+3.07 0.840.10 2.23+0.01 21.80+1.10
SO;/(mg-L™) 384.70+35.80 1253.28+17.91 12.72+4.05 4.99+0.76 16.94+0.08
Cl/(mg-L™") 2094.10+191.57 2 707.25420.07 68.12+2.07 15.92+1.74 95.09+2.49
K/(mg-L™) 705.25+23.70 850.61+28.79 121.90+3.85 113.98+1.94 134.72+1.93
Ca/(mg-L™") 11.22+0.66 12.54+0.66 41.61+2.12 17.18+1.99 231.69+8.64
Na/(mg-L") 883.59+39.33 671.21+7.46 19.31+0.75 16.49+0.51 35.26+1.27
Mg/(mg-L") 4.11+0.88 3.77+0.12 2.60+0.12 2.40+0.15 24.74+0.91
B/(mg-L™") 1636.52+150.01 1 983.67+303.53 403.41+52.48 507.12+138.39 519.13+113.00

1% WHART]
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Table 3 Regular parameters in feces from public toilets
2 K LA bk IR 2 R T h P SUIBE i K vh 2 i VI QU1
Parameter Saving 1 compost product  Saving 2 compost product  Flushing 1 feces  Flushing 2 feces  Flushing 3 feces
£ 7K Moisture/% 66.32+0.05 63.90+0.06 85.70+1.05 88.22+0.43 84.78+0.13
K43 Ash content/% 2.12+0.05 1.75+0.03 2.07+0.20 7.13+0.39 2.63+0.14
TS/(g-kg™) 336.83+0.45 360.96+0.55 142.99+10.53 117.78+4.29 152.21£1.32
1 5 VLA Volatile solid/(g-kg™) 315.63+0.93 343.44+0.48 122.32+8.87 46.45£2.33 125.94+0.99
pH 4.82+0.01 5.17+0.01 5.60+0.01 7.14+0.02 6.20+0.01
C/(mg-g™) 43.87+0.51 45.03+£2.08 18.46+1.00 15.11+0.01 49.29+0.12
TOC/(mg-g™) 11.46+1.32 16.36x1.11 15.86+0.75 8.94+0.14 10.38+0.15
N/(mg-g™") 2.89+0.01 2.87+0.11 2.63+0.13 3.27+0.15 4.71+0.05
P/(mg-g") 40.09+2.33 40.43+9.10 64.35+0.60 53.19+5.17 74.67+4.37
S/(mg-g™) 0.35+0.07 0.29+0.06 0.47+0.05 0 1.27+0.02
K/(mg-g™) 83.58+2.34 77.33+1.94 54.87+4.41 63.11+2.36 57.40+4.29
Ca/(mg-g™") 66.80+1.37 51.59+9.12 157.54+2.27 154.83+7.21 189.30+3.30
Na/(mg-g™) 32.04+0.29 18.04+0.08 7.91£0.54 8.30+0.10 8.47+0.47
Mg/(mg-g™) 18.06+0.14 21.81+4.39 19.80+1.13 47.09+0.65 24.68+0.32
B/(mg-g™) 0.30+0.04 0.41+0.05 0.31+0.06 0.17+0.04 0.25+0.04
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Figure 2 Concentration of heavy metals in the effluent of septic tanks and the urines from public toilets
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Figure 3 Content of heavy metals in the eco—fermentation products and feces from public toilets
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Table 4 Assessment on heavy metal contamination using ecological risk coefficient (E,) and ecological risk index(/x) after soil application

of effluent from septic tanks of public toilets

A a In

Toilet Zn Cu Mn Mo Co Ni % Cr cd As Ph
FiK 1 Saving 1 3.22x107  1.98x107 6.45x10° 1.06x10" 4.91x10* 5.16x10° 6.02x107° 4.37x107° 5.75x107 2.29x10 1.30x107 0.74
K2 Saving2  4.08x107 4.13x107 1.90x10° 1.89x107" 3.66x10* 3.62x10° 4.31x10° 6.72x107° 6.65x10" 3.45x10> 1.67x107 0.95
Kb 1 Flushing 1 1.30x107° 7.75x107  1.73x10™* 8.06x10> 1.03x107 3.09x107 4.29x10™ 1.82x107 4.38x10" 1.64x107 8.27x10* 0.55
K #h2 Flushing 2 1.62x10°  1.05x102 1.61x10™* 1.57x107 3.81x10™* 2.99x107 4.72x107° 6.46x10™ 4.26x10" 6.79x10™ 1.59x10" 0.61
JKup3 Flushing 3 8.45x107 2.66x107" 5.72x107° 5.16x107" 1.27x107 3.76x107 1.00x107 1.36x107 1.15x10 1.04x10" 1.86x107 12.55
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0.21~128.13,0.19~50.20 wg- L' 10.01~1.92 pg- L™,
T 7K e TR0 I 28 Y w7 ¥ L 43 31 K 0~52.40 .0~
18.81 g« L7 FIAKS o HEAE P a5 28 rh O R 3228
f) 25 ik 90 43 591 4 0~4.16 mg - kg™ #10.02~6.73 mg -
kg™, M i I 28 1) vk B2 Y L5353 4 0.003~0.09 mg - kg™
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Table 5 Assessment on heavy metal contamination using ecological risk coefficient (E,') and ecological risk index(/x) after soil application

of eco—fermentation products/feces of public toilets

{/A\AJJ'TIJ E L
Toilet Zn Cu Mn Mo Co Ni % Cr cd As Ph
7K 1 Saving 1 12.04 4229 1138 13342  7.64 68.81 1.63 31.82  220x10°  89.72 412 2.60x10°
7K 2 Saving 2 1613 5241 350 10255 277 19.77 1.38 1240 3.02x10° 1052 329  3.25x10°
JKmil Flushing 1 12130 409.25  11.39  407.04  13.10  58.55 3.61 1568  1.73x10*  457.92 4536  1.88x10°
JKMi2 Flushing 2 86.16  273.01  17.61  239.04  36.68  92.26 6.61 3153  6.90x10° 22024 16149 8.07x10°
JKi3 Flushing 3 231.02 68531 1538  690.67 1044  68.79 3.19 17.35  3.19x10* 31124  46.58  3.40x10*
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Figure 4 Concentration of antibiotics in the effluent of septic
tanks and the urines from public toilets
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Figure 5 Content of antibiotics in the eco—fermentation products

and feces from public toilets
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