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 SUPPLEMENTAL MATERIALS 

 

Supplementary Table 1. LODs, LOQs, correlation coefficients, R2 and percentage 

recoveries of individual PCBs congeners 
  Spiked Recovery (%) for 

PCBs standards 

Recovery (%) for 13C12 

labeled PCBs standards 

 

Analyte LOD 

(ng L-1) 

LOQ  

(ng L-1) 

R2 Water  Sediment Fish Water  Sediment Fish % RSD 

PCB8 0.06 0.18 0.9994 107 101 97.2    1.5 

PCB18 0.03 0.09 0.9992 98.1 105 94.0    6.6 

PCB28 0.03 0.09 0.9995 99.7 105 101 98.9 96.1 93.8 1.2 

PCB44 0.03 0.09 0.9995 101 103 93.1    5.0 

PCB52 0.06 0.18 0.9997 95.3 99.5 95.4 92.5 91.4 91.5 7.1 

PCB66 0.11 0.32 0.9996 90.6 110 107    1.9 

PCB77 0.10 0.30 0.9997 105 105 90.5    1.9 

PCB81 0.06 0.18 0.9994 101 99.7 91.2    1.0 

PCB101 0.03 0.09 0.9996 105 104 100    5.8 

PCB105 0.04 0.12 0.9998 101 102 93.3    2.0 

PCB114 0.08 0.24 0.9997 103 100 98.8    2.5 

PCB118 0.05 0.15 0.9992 105 98.6 100 98.2 97.6 90.3 7.0 

PCB123 0.02 0.06 0.9992 102 99.7 105    4.0 

PCB126 0.02 0.06 0.9996 104 103 104    2.9 

PCB128 0.01 0.03 0.9994 105 101 101    4.5 

PCB138 0.03 0.09 0.9995 98.7 104 96.3    5.5 

PCB153 0.03 0.09 0.9999 100 102 92.4 98.7 92.3 94.2 3.6 
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PCB156 0.08 0.24 0.9995 97.5 104 98.1    7.4 

PCB157 0.05 0.15 0.9996 104 106 99.7    2.9 

PCB167 0.10 0.30 0.9997 101 101 89.9    6.0 

PCB169 0.40 1.20 0.9994 100 104 95.3    3.1 

PCB170 0.08 0.24 0.9996 97.6 102 106    7.8 

PCB180 0.08 0.24 0.9998 103 105 104 99.5 90.9 89.7 4.6 

PCB187 0.05 0.15 0.9994 99.7 103 99.6    5.0 

PCB189 0.10 0.30 0.9992 99.2 103 101    1.8 

PCB195 0.07 0.21 0.9995 100 101 102    2.3 

PCB206 0.03 0.09 0.9992 102 106 93.0    7.2 

PCB209 0.06 0.18 0.9996 104 105 99.1 94.8 98.1 90.4 6.5 

Supplementary Table 2. Values of toxicological parameters of the investigated PCBs used 

for health risk assessment   

PCBs Oral 

Ingestion 

Reference 

Dose (RfDo) 

Inhalation 

Reference 

Dose 

(RfDi) 

SFOing 

(mg/kg/d) 

IUR 

(μg/m3) 

GIABS ABS TEF 

PCB 77  7.0 x 10-6 4.0 x 10-4 1.3 x 101 3.8 x 10-3 1 0.14 1 × 10-4 

PCB 81  2.3 x 10-6 1.3 x 10-4 3.9 x 101 1.1 x 10-2 1 0.14 3 × 10-4 

PCB105  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 114  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 118  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 123  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 126  7.0 x 10-9 4.0 x 10-7 1.3 x 104 3.8 1 0.14 1 × 10-1 

PCB 156  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 157  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB 167  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

PCB169  2.3 x 10-5 1.3 x 10-6 3.9 x 103 1.1 1 0.14 3 × 10-2 

PCB 189  2.3 x 10-5 1.3 x 10-3 3.9 1.1 x 10-3 1 0.14 3 × 10-5 

Reference  USEPA 

(2012) 

USEPA 

(2012) 

USDOE 

(2011) 

USEPA, 

(2010) 

USEPA 

(2011) 

USEPA 

(2011) 
Van den Berg 

et al. (2006) 
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Supplementary Table 3. Definitions and Values of Variables for Human Health Risk 

Assessment of PCBs in Water, sediment and fish 
Parameters  Unit Definition  Child values Adult values References  

C ng/L or ng/g PCBs concentration in water 

or sediment/fish 

   

BW kg Average body weight  15 60 Iwegbue et al. 

(2020) 

ED Year Exposure duration 6 30 USEPA (2011) 
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EF d/yr Exposure frequency  350 350 USEPA (2011) 

ET (for water) h/day Exposure time 1 0.58 USEPA (1989) 

ET (for 

sediment) 

hr/day Exposure time 8 8 USEPA, 1989 

CF L/cm3 Conversion factor 0.001 USEPA (2011) 

GIABS - Gastrointestinal absorption See SM1 USEPA (2011) 

IngR (fish) g/day Fish ingestion rate 20.8 based on the per capita fish 

consumption in Nigeria of 7.6 kg 

Iwegbue et al. 

(2015a, b) 

IngR (for 

water) 

Litres Water ingestion rate 1.8 2.2 USDOE (2011) 

IngR (for 

sediment) 

mg/day Sediment Ingestion rate  200 100 USDOE, 2011 

SA (for water) cm2 Skin surface area 6600 18000 USEPA (1989) 

SA (for 

sediment 

cm2/event Skin surface area 2800 5700 USDOE, 2011 

AF mg/cm2 Sediment to skin adherences 

factor 

0.2 0.07 USEPA (2011) 

ATnc  D Averaging time for non-

carcinogenic  

ED x 365 USDOE (2011) 

ATca d  Averaging time for 

carcinogenic 

LT x 365 USDOE (2011) 

LT Year  Lifetime 55 years WHO (2018) 

PEF m3/kg Sediment to air particulate 

emission factor  

1.36 x 109 USDOE, 2011 

RfDo (mg/kg/d) Oral reference dose Contaminant specific SM1 

SFO (mg/kg/d) Oral slope factor Contaminant specific SM1 

RfDi (mg/kg/d) Inhalation reference dose Contaminant specific SM1 

IUR (μg/m3) Inhalation unit risk Contaminant specific SM1 

HQIng - Hazard quotient via ingestion From equation 5  

HQinh - Hazard quotient via inhalation From equation 5  

HQderm - Hazard quotient via dermal 

contact 

From equation 5  

CDIing - Chronic daily intake via 

ingestion 

From equation 7  

CDIinh - Chronic daily intake via 

inhalation 

From equation 8  

CDIderm - Chronic daily intake via From equation 9  



5 
 

dermal contact 

Risking - incremental lifetime cancer 

risk via ingestion 

From equation 10  

Riskinh - incremental lifetime cancer 

risk via inhalation 

From equation 11  

Riskderm - incremental lifetime cancer 

risk via dermal contact 

From equation 12  
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Supplementary Table 4. Hazard Index and total cancer risk of PCBs in Water of Wupa River 

  Hazard Index Total Cancer Risk 

  CHILD     ADULT     CHILD     ADULT     

  HQING HQDERM HI HQING HQDERM HI RISKING RISKDERM 
Total Cancer 
Risk RISKING RISKDERM 

Total Cancer 
Risk 

W1 13161 1351 14512 4021 322 4344 1.20E+00 1.23E-01 1.32E+00 2.01E-01 5.11E-03 2.07E-01 
W2 69.5 7.13 76.6 21.2 1.7 22.9 6.25E-03 6.42E-04 6.89E-03 1.05E-03 2.67E-05 1.08E-03 
W3 2163 222 2385 661 53 714 8.78E-01 9.02E-02 9.68E-01 1.48E-01 3.75E-03 1.51E-01 
W4 13.4 1.38 14.8 4.1 0.33 4.43 1.21E-03 1.24E-04 1.33E-03 2.04E-04 5.17E-06 2.09E-04 
W5 1979 203 2182 604 48.5 653 1.80E-01 1.85E-02 1.98E-01 3.03E-02 7.69E-04 3.10E-02 

 

Supplementary Table 5. Hazard Index and total cancer risk of PCBs in sediment of Wupa River 

 Hazard index Total cancer risk 

` CHILD ADULT CHILD ADULT 

  HQIng HQInh HQDerm HI HQIng HQInh HQDerm HI RISKIng RISKInh RISKDerm 
Total Cancer 
Risk RISKIng RISKInh RISKDerm 

Total Cancer 
Risk 

S1 2.50×105 3.44 9.78×104 3.47×105 3.12×104 14.3 1.74×104 4.86×104 26.9 5.17×10-6 10.5 37.4 1.85 1.19×10-5 1.03 2.88 

S2 3.89×105 8.81 1.53×105 5.42×105 4.87×104 36.7 2.72×104 7.59×104 68.4 1.30×10-5 26.8 95.2 4.71 2.98×10-5 2.63 7.34 

S3 2.21×105 2.97 8.65×104 3.07×105 2.76×104 12.4 1.54×104 4.30×104 23.3 4.48×10-6 9.12 32.4 1.6 1.03×10-5 8.95×10-1 2.5 

S4 1.31×106 15.1 5.12×105 1.82×106 1.63×105 63 9.12×104 2.55×105 119 2.30×10-5 46.6 165 8.18 5.27×10-5 4.57 12.7 

S5 2.88×105 4.55 1.13×105 4.00×105 3.59×104 19 2.01×104 5.60×104 35.5 6.81×10-6 13.9 49.5 2.44 1.56×10-5 1.37 3.81 

 

 

Supplementary Table 6. Hazard Index and total cancer risk of PCBs in fish of Wupa River 
   PCB 77 PCB 81 PCB 105 PCB 123 PCB 126 PCB 156 PCB 167 PCB 169 HI 
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Non-carcinogenic risk CHILD CC 7.22 40.5 0.0 26.1 6.57E+04 1.86E+01 92.5 2.43 6.58E+04 
  EF 26.6 28.9 6.01 20.0 5.05E+04 0.0 0.0 0.0 5.06E+04 

  HB 0.0 0.0 0.0 14.1 2.17E+04 0.0 0.0 0.0 2.17E+04 

  CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  ON 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 ADULT CC 1.80 10.1 0.0 6.53 1.64E+04 3.87 23.1 60.7 1.65E+04 
  EF 6.65 7.23 1.50 5.00 1.26E+04 0.0 0.0 0.0 1.27E+04 

  HB 0.0 0.0 0.0 3.53 5.41E+03 0.0 0.0 0.0 5.42E+03 

  CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  ON 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

            
   PCB 77 PCB 81 PCB 105 PCB 123 PCB 126 PCB 156 PCB 167 PCB 169 Total Cancer Risk 
Carcinogenic Risk CHILD CC 6.57E-04 3.63E-03 0.00E+00 2.34E-03 5.98E+00 1.67E-03 8.30E-05 2.18E-01 6.21 
  EF 2.42E-03 2.59E-03 5.39E-04 1.79E-03 4.60E+00 0.0 0.0 0.0 4.61 

  HB 0.0 0.0 0.0 1.27E-03 1.97E+00 0.0 0.0 0.0 1.97 

  CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  ON 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 ADULT CC 9.04E-05 5.00E-04 0.00E+00 3.23E-04 8.23E-01 1.91E-04 1.14E-05 3.00E-02 8.54E-01 
  EF 3.33E-04 3.57E-04 7.42E-05 2.47E-04 6.33E-01 0.0 0.0 0.0 6.34E-01 

  HB 0.0 0.0 0.0 1.74E-04 2.71E-01 0.0 0.0 0.0 2.71E-01 

  CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  ON 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CC = Cyprinus carpio; EF = Ethmalosa fimbriata; HB = Heterobranchus bidorsalis; CA = Clarias anguillaris; ON = Oreochromis 

niloticus 
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