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Table S1. Sampling information in the mangrove of Sepang Besar River (S1-S6), Sepang Kecil River (S7-S9) 
and Lukut River (L1-L5). Samplings were conducted on 1 December 2007, except for * on 5 May 2010.  

Site Latitude Longitude Description of sampling site 
Temp 
(°C) 

Cond 
(µs/cm) 

Salinity 
(ppt) 

TDS 
(mg/L) 

DO 
(mg/L) 

SBR-1 02˚ 36.653’ N 101˚ 42.345’E 
The prawn hatchery area and water 

was a bit muddy 
27.99 34919 20.59 21.47 0.66 

SBR-2 02˚ 36.980’N 101˚ 42.819’E Mangrove area 27.54 34734 20.67 21.53 0.07 

SBR-3 02˚ 36.260’ N 101˚ 42.133’E 
A Jetty area, fishing hatchery, water 

was a little bit muddy  
28.44 39303 23.25 23.97 1.45 

SBR-4 02˚ 36.102’ N 101˚ 42.337’E 
Mangrove area at the side of the river 

and Muddy water  
28.01 36619 21.69 22.51 0.08 

SBR-5 02˚ 35.933’ N 101˚ 42.826’E 
Estuarine area, not far from sea and 

water little bit muddy 28.36 40491 24.07 24.07 0.08 

SBR-6 02˚ 36.042’ N 101˚ 42.461’E 
Clearwater, mangrove area at 

estuarine 
27.87 36677 21.79 22.60 3.56 

SBR-1* 101°42.779'E 2°36.913'N  
Mangrove area near the industrial 

factory  
31.20 48.68 31.59 NA 4.33 

SBR-2* 101°42.261'E 2°36.200'N  Mangrove area 31.05 49.55 32.23 NA 5.19 
SBR-3* 101°42.371'E 2°36.099'N Mangrove area 31.27 48.77 31.65 NA 4.91 
SKI-1 02˚ 37.198’ N 101˚ 41.235’E The river was very muddy  29.40 13584 7.14 8.15 0.01 
SKR-2 02˚ 37.201’ N 101˚ 41.239’E Water was muddy 28.45 18647 10.26 11.37 -0.08 
SKR-3 02˚ 36.890’ N 101˚ 41.026’E River is muddy 29.50 20376 11.06 12.20 0.42 

LR-1 02˚ 34.978’N 101˚ 47.607’E 
The estuarine area nearby a 

construction site, boating 
29.89 33343 18.81 19.82 2.27 

LR-2 02˚ 34.979’ N 101˚ 47.668’E Mangrove area 29.83 28452 15.82 16.93 2.23 
LR-3 02˚ 34.847’ N 101˚ 47.795’E Mangrove area 29.40 29706 16.73 17.81 2.06 
LR-4 02˚ 34.853’ N 101˚ 47.882’E Mangrove area nearby upstream 29.73 33140 18.75 19.76 2.09 

LR-5 02˚ 34.737’ N 101˚ 48.033’E 
Mangrove area nearby upstream, 

shipping,  nearby construction 
recreational area 

30.14 28093 15.50 16.63 0.07 

Note: Temp= Temperature; Cond= Conductivity.   
 
Table S2. Heavy metals analysis recovery percentages of the certified reference materials (CRM). 

CRM Cu Pb Zn 
NSC DC73319 Soil China 85.0% 99.8% 99.7% 

MESS - 3 NRC 93.1% 116% 82.8% 
TH-1 Sediment Canada 92.9% 100% 110% 

SRM 1547  NA NA 115% 
IAEA Soil-5  91.3% 116% 94.8% 

NA - data not available. 
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Table S3. Comparisons of concentrations (mg/kg dry weight) of Zn, Cu and Zn between surface sediments from 
this study with those cited from sediment quality guidelines, and reference values. 

 Zn Cu Pb References 
Sediment Quality Guidelines     

ISQV-low 200 65.0 75.0 Chapman et al. [1] 
ISQV-high 410 270 218 Chapman et al. [1] 

TEL (Threshold effect level) 124 18.7 30.2 Macdonald et al. [2] 
PEL (Probable effect level) 271 108 112 Macdonald et al. [2] 

ERL (Effect range low) 150 34.0 46.7 Long et al. [3] 
ERM (Effects range median) 410 270 218 Long et al. [3] 

Reference values     
Pre-industrial reference level 175 50.0 70.0 Hakanson [4] 

Upper continental crust 71.0 25.0 17.0 Taylor and McLennan [5] 
UCC (Upper Continental Crust) 67.0 28.0 17.0 Rudnick and Gao [6] 
UCC (Upper Continental Crust) 52.0 14.3 17.0 Wedepohl [7] 
Peninsular Malaysia background - 3.55 - Yap et al. [8] 
Peninsular Malaysia background - - 19.48 Yap and Noorhaidah [9] 
Peninsular Malaysia background 13.16 - - Yap et al. [10] 

Note NA= not available. 
 
 
Table S4. Definition, exposure factors, and reference values were used to estimate the intake values and health 
risks of potentially toxic metals in sediments collected from Peninsular Malaysia. 

Definition Unit 
Values 

References 
Children Adults 

IngR Ingestion rate of sediment mg/day 200 100 [11] 
InhR Inhalation rate of sediment m3/day 7.63 12.8 [12] 

BW 
Body weight of the exposed 

individual 
kg 15.0 55.9 [13] 

EF Exposure frequency days/year 350 350 [13] 
ED Exposure duration years 6 24 [11] 
AT Average time days 365 × ED 365 × ED [14] 
PEF Particle emission factor m3/kg 1.36 × 109 1.36 × 109 [11] 
SA Exposed skin surface area cm2 1600 4350 [13] 
AF Skin adherence factor mg/cm day 0.20 0.70 [15] 

ABF Dermal absorption factor unitless 0.001 0.001 [16] 
Cu RfD Reference dose for ingestion mg/kg day 4.00 × 10-2 4.00 × 10-2 [17] 
Cu RfD Reference dose for inhalation mg/kg day 4.02 × 10-2 4.02 × 10-2 [17] 

Cu RfD 
Reference dose for dermal 

contact 
mg/kg day 1.20 × 10-2 1.20 × 10-2 [17] 

Pb RfD Reference dose for ingestion mg/kg day 3.50 × 10-3 3.50 × 10-3 [17] 
Pb RfD Reference dose for inhalation mg/kg day 3.52 × 10-3 3.52 × 10-3 [17] 

Pb RfD 
Reference dose for dermal 

contact 
mg/kg day 5.25 × 10-4 5.25 × 10-4 [17] 

Zn RfD Reference dose for ingestion mg/kg day 3.00 × 10-1 3.00 × 10-1 [17] 
Zn RfD Reference dose for inhalation mg/kg day 3.00 × 10-1 3.00 × 10-1 [17] 

Zn RfD 
Reference dose for dermal 

contact 
mg/kg day 6.00 × 10-2 6.00 × 10-2 [17] 
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Table S5. Concentrations (mg/kg dry weight) of total Zn, percentages of four geochemical fractions (F1, F2, Fe, and 
F4), percentages of bioavailable fraction (Bio) and a non-bioavailable fraction (NonBio), Individual contamination 
factors (ICF), and risk assessment code (RAC), for Zn of surface sediments in Lukut River (LR), Sepang Besar River 
(SBR) and Sepang Kecil River (SKR) mangrove ecosystems, based on nonresistant fraction as reference fraction or 
normalizer (-1), and based on background levels of the metals as reference metal or normalizer that were reported 
from Peninsular Malaysia (-2). 

Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 45.52 2.10 22.90 30.06 28.91 25.00 63.51 1.39 2.10 
Maximum 79.34 8.91 27.59 37.68 41.87 36.49 74.99 2.46 8.91 

Mean 67.10 3.83 25.77 34.80 35.59 29.60 70.40 1.86 3.83 
SE 6.11 1.28 0.83 1.31 2.41 1.92 1.91 0.20 1.28 

Skewness -0.83 - - - - - - - - 
Kurtosis -0.80 - - - - - - - - 

SBR (N= 6) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 18.10 0.56 8.03 18.38 39.27 8.59 65.76 0.67 0.56 
Maximum 88.25 9.87 26.08 41.29 59.86 34.24 91.40 1.55 9.87 

Mean 68.06 2.91 18.86 30.70 47.51 21.77 78.22 1.16 2.91 
SE 10.49 1.42 2.94 3.06 3.43 3.92 3.93 0.15 1.42 

Skewness -1.44 - - - - - - - - 
Kurtosis 0.55 - - - - - - - - 

SKR (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 52.27 0.73 13.67 19.75 34.84 14.40 62.26 1.10 0.73 
Maximum 98.97 6.44 31.30 37.91 47.70 37.74 85.60 1.87 6.44 

Mean 69.55 3.71 24.84 29.77 41.68 28.56 71.45 1.44 3.71 
SE 14.78 1.65 5.61 5.33 3.74 7.18 7.18 0.23 1.65 

Skewness 0.68 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 

SBR2010  (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 14.71 2.99 19.61 37.50 25.41 0.27 0.63 2.04 2.99 
Maximum 26.47 7.83 34.10 42.11 32.93 0.37 0.73 2.94 7.83 

Mean 19.99 4.97 26.81 39.75 28.47 0.32 0.68 2.56 4.97 
SE 3.45 1.47 4.18 1.33 2.28 0.03 0.03 0.27 1.47 

Skewness 0.35 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 

Note: SE= standard error. 
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Table S6. Overall statistics of values of hazard quotient (HQ), and hazard index (HI), in the three exposure 
routes (ingestion= HQing; inhalation= HQinh; dermal contact= HQder) of Zn, for both children (C) and adults 
(A) in the mangrove sediments collected from Lukut River (LR), Sepang Besar River (SBR) and Sepang Kecil 
River (SKR). 

 HQing HQinh HQder HI 
LR (N= 5) C A C A C A C A 
Minimum 1.99 × 10-3 2.67 × 10-4 5.44 × 10-8 2.45 × 10-8 1.59 × 10-5 4.06 × 10-5 2.00 × 10-3 3.08 × 10-4 
Maximum 3.47 × 10-3 4.65 × 10-4 9.49 × 10-8 4.27 × 10-8 2.77 × 10-5 7.08 × 10-5 3.49 × 10-3 5.36 × 10-4 

Mean 2.93 × 10-3 3.93 × 10-4 8.02 × 10-8 3.61 × 10-8 2.35 × 10-5 5.99 × 10-5 2.96 × 10-3 4.53 × 10-4 
SE 2.67 × 10-4 3.58 × 10-5 7.31 × 10-9 3.29 × 10-9 2.14 × 10-6 5.45 × 10-6 2.69 × 10-4 4.13 × 10-5 

SBR (N= 6) C A C A C A C A 
Minimum 7.91 × 10-4 1.06 × 10-4 2.16 × 10-8 9.70 × 10-9 6.33 × 10-6 1.62 × 10-5 7.97 × 10-4 1.22 × 10-4 
Maximum 3.86 × 10-3 5.17 × 10-4 1.06 × 10-7 4.75 × 10-8 3.08 × 10-5 7.88 × 10-5 3.89 × 10-3 5.96 × 10-4 

Mean 2.97 × 10-3 3.99 × 10-4 8.14 × 10-8 3.66 × 10-8 2.38 × 10-5 6.07 × 10-5 3.00 × 10-3 4.60 × 10-4 
SE 4.59 × 10-4 6.15 × 10-5 1.26 × 10-8 5.65 × 10-9 3.67 × 10-6 9.37 × 10-6 4.62 × 10-4 7.09 × 10-5 

SKR (N= 3) C A C A C A C A 
Minimum 2.28 × 10-3 3.06 × 10-4 6.25 × 10-8 2.81 × 10-8 1.83 × 10-5 4.67 × 10-5 2.30 × 10-3 3.53 × 10-4 
Maximum 4.32 × 10-3 5.80 × 10-4 1.18 × 10-7 5.33 × 10-8 3.46 × 10-5 8.83 × 10-5 4.36 × 10-3 6.69 × 10-4 

Mean 3.04 × 10-3 4.08 × 10-4 8.31 × 10-8 3.74 × 10-8 2.43 × 10-5 6.21 × 10-5 3.06 × 10-3 4.70 × 10-4 
SE 6.46 × 10-4 8.67 × 10-5 1.77 × 10-8 7.97 × 10-9 5.17 × 10-6 1.32 × 10-5 6.51 × 10-4 9.99 × 10-5 

SBR2010 (N= 3) C A C A C A C A 
Minimum 6.43 × 10-4 8.62 × 10-5 1.76 × 10-8 7.92 × 10-9 5.14 × 10-6 1.31 × 10-5 6.48 × 10-4 9.94 × 10-5 
Maximum 1.16 × 10-3 1.55 × 10-4 3.16 × 10-8 1.42 × 10-8 9.25 × 10-6 2.36 × 10-5 1.17 × 10-3 1.79 × 10-4 

Mean 8.75 × 10-4 1.17 × 10-4 2.39 × 10-8 1.07 × 10-8 6.99 × 10-6 1.78 × 10-5 8.82 × 10-4 1.35 × 10-4 
SE 1.52 × 10-4 2.02 × 10-5 4.10 × 10-9 1.84 × 10-9 1.20 × 10-6 3.07 × 10-6 1.53 × 10-4 2.33 × 10-5 

SBR1 2.40 × 10-2 3.22 × 10-3 6.58 × 10-7 2.96 × 10-7 1.92 × 10-4 4.91 × 10-4 2.42 × 10-2 3.72 × 10-3 
SBR2 2.63 × 10-2 3.53 × 10-3 7.20 × 10-7 3.24 × 10-7 2.10 × 10-4 5.37 × 10-4 2.65 × 10-2 4.07 × 10-3 
SKR2 4.02 × 10-3 5.39 × 10-4 1.10 × 10-7 4.95 × 10-8 3.21 × 10-5 8.21 × 10-5 4.05 × 10-3 6.21 × 10-4 
LR3 9.13 × 10-3 1.23 × 10-3 2.50 × 10-7 1.12 × 10-7 7.31 × 10-5 1.87 × 10-4 9.21 × 10-3 1.41 × 10-3 

SBR4 1.84 × 10-2 2.47 × 10-3 5.03 × 10-7 2.27 × 10-7 1.47 × 10-4 3.76 × 10-4 1.85 × 10-2 2.84 × 10-3 

Note: SE= standard error; SBR1= based on the maximum level of Zn (550 mg/kg dry weight) reported by 
Ismail and Ramli [18]; SBR2= based on the maximum level of Zn (602 mg/kg dry weight) reported by 
Saed et al. [19]; SKR2= based on the maximum level of Zn (91.96 mg/kg dry weight) reported by Saed et 
al. [19]; LR3= based on the maximum level of Zn (209 mg/kg dry weight) reported by Ismail and Safahieh 
[20]; SKR4= based on the maximum level of Zn (421 mg/kg dry weight) reported by Yap et al. [21]. 
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Table S7. Concentrations (mg/kg dry weight) of total Cu, percentages of four geochemical fractions (F1, F2, Fe, 
and F4), percentages of bioavailable fraction (Bio) and a non-bioavailable fraction (NonBio), Individual 
contamination factors (ICF), and risk assessment code (RAC), for Cu of surface sediments in Lukut River (LR), 
Sepang Besar River (SBR) and Sepang Kecil River (SKR) mangrove ecosystems, based on nonresistant fraction as 
reference fraction or normalizer (-1), and based on background levels of the metals as reference metal or normalizer 
that were reported from Peninsular Malaysia (-2). 

Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 9.37 0.48 0.13 31.68 55.40 0.77 98.69 0.49 0.48 
Maximum 20.06 0.98 0.55 43.52 67.08 1.27 99.19 0.81 0.98 

Mean 12.80 0.77 0.35 35.66 63.20 1.12 98.86 0.59 0.77 
SE 1.98 0.09 0.08 2.11 2.09 0.09 0.09 0.06 0.09 

Skewness 0.98 - - - - - - - - 
Kurtosis -0.54 - - - - - - - - 

SBR (N= 6) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 5.23 0.12 0.81 23.22 65.37 1.12 93.89 0.34 0.12 
Maximum 22.73 0.69 5.43 30.15 74.72 6.11 98.82 0.53 0.69 

Mean 13.46 0.44 2.10 27.72 69.72 2.54 97.44 0.44 0.44 
SE 2.54 0.10 0.68 0.99 1.30 0.73 0.73 0.03 0.10 

Skewness 0.18 - - - - - - - - 
Kurtosis -1.00 - - - - - - - - 

SKR (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 7.96 1.15 0.12 29.44 64.85 1.63 96.56 0.48 1.15 
Maximum 13.48 1.52 1.93 33.21 67.60 3.44 98.48 0.54 1.52 

Mean 10.08 1.39 0.92 31.18 66.53 2.31 97.70 0.50 1.39 
SE 1.72 0.12 0.53 1.10 0.85 0.57 0.58 0.02 0.12 

Skewness 0.64 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 

SBR2010  (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 2.71 0.59 1.06 17.16 42.69 0.02 0.89 0.34 0.59 
Maximum 22.97 7.55 2.96 55.67 75.00 0.11 0.98 1.34 7.55 

Mean 9.84 4.70 2.02 36.68 56.66 0.07 0.93 0.86 4.70 
SE 6.57 2.11 0.55 11.12 9.58 0.03 0.03 0.29 2.11 

Skewness 0.70 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 

Note: SE= standard error. 
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Table S8. Overall statistics of values of hazard quotient (HQ), hazard index (HI), carcinogenic risk (CRinh) in 
the three exposure routes (ingestion= HQing; inhalation= HQinh; dermal contact= HQder) of Cu, for both children 
(C) and adults (A) in the mangrove sediments collected from Lukut River (LR), Sepang Besar River (SBR) and 
Sepang Kecil River (SKR). 

 HQing HQinh HQder HI 
LR (N= 5) C A C A C A C A 
Minimum 3.07 × 10-3 4.12 × 10-4 8.40 × 10-8 3.80 × 10-8 1.64 × 10-5 4.18 × 10-5 3.09 × 10-3 4.54 × 10-4 
Maximum 6.57 × 10-3 8.82 × 10-4 1.79 × 10-7 8.10 × 10-8 3.51 × 10-5 8.95 × 10-5 6.61 × 10-3 9.72 × 10-4 

Mean 4.19 × 10-3 5.63 × 10-4 1.14 × 10-7 5.14 × 10-8 2.24 × 10-5 5.71 × 10-5 4.22 × 10-3 6.20 × 10-4 
SE 6.50 × 10-4 8.72 × 10-5 1.77 × 10-8 8.03 × 10-9 3.46 × 10-6 8.85 × 10-6 6.53 × 10-4 9.60 × 10-5 

SBR (N= 6) C A C A C A C A 
Minimum 1.71 × 10-3 2.30 × 10-4 4.70 × 10-8 2.10 × 10-8 9.14 × 10-6 2.33 × 10-5 1.72 × 10-3 2.53 × 10-4 
Maximum 7.45 × 10-3 9.99 × 10-4 2.03 × 10-7 9.10 × 10-8 3.97 × 10-5 1.01 × 10-4 7.49 × 10-3 1.10 × 10-3 

Mean 4.41 × 10-3 5.92 × 10-4 1.20 × 10-7 5.40 × 10-8 2.35 × 10-5 6.01 × 10-5 4.44 × 10-3 6.52 × 10-4 
SE 8.34 × 10-4 1.12 × 10-4 2.27 × 10-8 1.02 × 10-8 4.45 × 10-6 1.14 × 10-5 8.38 × 10-4 1.23 × 10-4 

SKR (N= 3) C A C A C A C A 
Minimum 2.61 × 10-3 3.50 × 10-4 7.10 × 10-8 3.20 × 10-8 1.39 × 10-5 3.55 × 10-5 2.62 × 10-3 3.86 × 10-4 
Maximum 4.42 × 10-3 5.93 × 10-4 1.20 × 10-7 5.40 × 10-8 2.36 × 10-5 6.02 × 10-5 4.44 × 10-3 6.53 × 10-4 

Mean 3.30 × 10-3 4.43 × 10-4 9.00 × 10-8 4.03 × 10-8 1.76 × 10-5 4.50 × 10-5 3.32 × 10-3 4.88 × 10-4 
SE 5.62 × 10-4 7.54 × 10-5 1.52 × 10-8 6.89 × 10-9 3.00 × 10-6 7.66 × 10-6 5.65 × 10-4 8.31 × 10-2 

SBR2010 (N= 3) C A C A C A C A 
Minimum 8.88 × 10-4 1.19 × 10-4 2.42 × 10-8 1.09 × 10-8 4.74 × 10-6 1.21 × 10-5 8.93 × 10-4 1.31 × 10-4 
Maximum 7.53 × 10-3 1.01 × 10-3 2.05 × 10-7 9.23 × 10-8 4.01 × 10-5 1.03 × 10-4 7.57 × 10-2 1.11 × 10-3 

Mean 3.23 × 10-3 4.33 × 10-4 8.78 × 10-8 3.95 × 10-8 1.72 × 10-5 4.41 × 10-5 3.24 × 10-2 4.76 × 10-4 
SE 2.15 × 10-3 2.89 × 10-4 5.87 × 10-8 2.64 × 10-8 1.15 × 10-5 2.95 × 10-5 2.17 × 10-2 3.18 × 10-4 

SBR1 2.20 × 10-1 2.95 × 10-2 5.98 × 10-6 2.69 × 10-6 1.17 × 10-3 2.99 × 10-3 2.21 × 10-1 3.25 × 10-2 
SBR2 1.88 × 10-1 2.52 × 10-2 5.12 × 10-6 2.31 × 10-6 1.00 × 10-3 2.56 × 10-3 1.89 × 10-1 2.78 × 10-2 
SBR3 1.70 × 10-1 2.28 × 10-2 4.62 × 10-6 2.08 × 10-6 9.05 × 10-4 2.31 × 10-3 1.71 × 10-1 2.51 × 10-2 
SBR2 1.90 × 10-2 2.54 × 10-3 5.16 × 10-7 2.32 × 10-7 1.01 × 10-4 2.58 × 10-4 1.91 × 10-2 2.80 × 10-3 
LR4 3.04 × 10-2 4.08 × 10-3 8.28 × 10-7 3.73 × 10-7 1.62 × 10-4 4.14 × 10-4 3.06 × 10-2 4.49 × 10-3 

SKR5 5.28 × 10-2 7.08 × 10-3 1.44 × 10-6 6.47 × 10-7 2.81 × 10-4 7.19 × 10-4 5.30 × 10-2 7.80 × 10-3 

Note: SE= standard error. Note: SBR1= based on the maximum level of Cu (670 mg/kg dry weight) 
reported by Ismail and Ramli [18]; SBR2= based on the maximum level of Cu (574 mg/kg dry weight) 
reported by Saed et al. [19]; SKR3= based on the maximum level of Cu (518 mg/kg dry weight) reported 
by Hossain [22]; SKR2= based on the maximum level of Cu (57.86 mg/kg dry weight) reported by Saed 
et al. [19]; LR4= based on the maximum level of Cu (92.8 mg/kg dry weight) reported by Ismail and 
Safahieh [20]; SKR5= based on the maximum level of Cu (161 mg/kg dry weight) reported by Yap et al. 
[21]. 
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Table S9. Concentrations (mg/kg dry weight) of total Pb, percentages of bioavailable fraction (Bio) and non-
bioavailable fraction (NonBio), Individual contamination factors (ICF), and risk assessment code (RAC), for Pb of 
surface sediments in Lukut River (LR), Sepang Besar River (SBR) and Sepang Kecil River (SKR) mangrove 
ecosystems, based on nonresistant fraction as reference fraction or normalizer (-1), and based on background levels 
of the metals as reference metal or normalizer that were reported from Peninsular Malaysia (-2). 

Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 28.93 2.43 0.27 17.11 74.31 3.07 91.43 0.29 2.43 
Maximum 47.37 4.21 4.65 21.91 77.62 8.57 96.93 0.35 4.21 

Mean 40.33 3.28 1.63 19.05 76.03 4.91 95.09 0.32 3.28 
SE 3.19 0.34 0.78 0.89 0.61 1.00 1.00 0.01 0.34 

Skewness -0.81 - - - - - - - - 
Kurtosis -0.60 - - - - - - - - 

SBR (N= 6) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 18.99 1.78 2.86 15.32 49.93 4.86 71.13 0.26 1.78 
Maximum 41.25 7.21 22.88 29.51 79.13 28.87 95.09 1.00 7.21 

Mean 28.26 4.33 7.33 21.98 66.35 11.67 88.32 0.55 4.33 
SE 2.98 0.88 3.15 2.25 4.63 3.66 3.66 0.12 0.88 

Skewness 0.77 - - - - - - - - 
Kurtosis 0.03 - - - - - - - - 

SKR (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 20.02 1.90 1.09 2.94 66.12 5.63 91.38 0.13 1.90 
Maximum 32.47 5.00 3.94 28.25 88.44 8.56 94.37 0.51 5.00 

Mean 25.30 3.81 2.86 19.20 74.07 6.68 93.27 0.37 3.81 
SE 3.72 0.97 0.89 8.15 7.20 0.94 0.95 0.12 0.97 

Skewness 0.49 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 

SBR2010  (N= 3) Total  F1 F2 F3 F4 Bio NonBio ICF RAC 
Minimum 25.61 3.33 10.10 31.37 44.70 0.15 0.85 0.87 3.33 
Maximum 31.99 5.28 11.46 39.92 53.52 0.15 0.85 1.24 5.28 

Mean 28.78 4.37 10.74 36.05 48.85 0.15 0.85 1.06 4.37 
SE 1.84 0.57 0.39 2.50 2.56 0.00 0.00 0.11 0.57 

Skewness 0.02 - - - - - - - - 
Kurtosis -1.50 - - - - - - - - 
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Table S10. Overall statistics of values of hazard quotient (HQ), hazard index (HI), carcinogenic risk (CRinh) 
in the three exposure routes (ingestion= HQing; inhalation= HQinh; dermal contact= HQder) of Pb, for both 
children (C) and adults (A) in the mangrove sediments collected from Lukut River (LR), Sepang Besar River 
(SBR) and Sepang Kecil River (SKR). 

 HQing HQinh HQder HI 
LR (N= 5) C A C A C A C A 
Minimum 1.07 × 10-1 1.44 × 10-2 2.95 × 10-6 1.33 × 10-6 1.16 × 10-3 2.95 × 10-3 1.08 × 10-1 1.73 × 10-2 
Maximum 1.75 × 10-1 2.35 × 10-2 4.83 × 10-6 2.17 × 10-6 1.89 × 10-3 4.83 × 10-3 1.77 × 10-1 2.84 × 10-2 

Mean 1.49 × 10-1 2.00 × 10-2 4.11 × 10-6 1.85 × 10-6 1.61 × 10-3 4.11 × 10-3 1.51 × 10-1 2.42 × 10-2 
SE 1.18 × 10-2 1.58 × 10-3 3.25 × 10-7 1.46 × 10-7 1.27 × 10-4 3.25 × 10-4 1.19 × 10-2 1.91 × 10-3 

SBR (N= 
6) 

C A C A C A C A 

Minimum 7.03 × 10-2 9.43 × 10-3 1.94 × 10-6 8.71 × 10-7 7.59 × 10-4 1.94 × 10-3 7.11 × 10-2 1.14 × 10-2 
Maximum 1.53 × 10-1 2.05 × 10-2 4.20 × 10-6 1.89 × 10-6 1.65 × 10-3 4.21 × 10-3 1.54 × 10-1 2.47 × 10-2 

Mean 1.05 × 10-1 1.40 × 10-2 2.88 × 10-6 1.30 × 10-6 1.13 × 10-3 2.88 × 10-3 1.06 × 10-1 1.69 × 10-2 
SE 1.10 × 10-2 1.48 × 10-3 3.04 × 10-7 1.37 × 10-7 1.19 × 10-4 3.04 × 10-4 1.12 × 10-2 1.79 × 10-3 

SKR (N= 
3) 

C A C A C A C A 

Minimum 7.41 × 10-2 9.95 × 10-3 2.04 × 10-6 9.18 × 10-7 8.00 × 10-4 2.04 × 10-3 7.49 × 10-2 1.20 × 10-2 
Maximum 1.20 × 10-1 1.61 × 10-2 3.31 × 10-6 1.49 × 10-6 1.30 × 10-3 3.31 × 10-3 1.22 × 10-1 1.94 × 10-2 

Mean 9.37 × 10-2 1.26 × 10-2 2.58 × 10-6 1.16 × 10-6 1.01 × 10-3 2.58 × 10-3 9.47 × 10-2 1.52 × 10-2 
SE 1.38 × 10-2 1.85 × 10-3 3.78 × 10-7 1.70 × 10-7 1.48 × 10-4 3.79 × 10-4 1.39 × 10-2 2.23 × 10-3 

SBR2010 
(N= 3) 

C A C A C A C A 

Minimum 9.48 × 10-2 1.27 × 10-2 2.61 × 10-6 1.17 × 10-6 1.02 × 10-3 2.61 × 10-3 9.59 × 10-2 1.53 × 10-2 
Maximum 1.18 × 10-1 1.59 × 10-2 3.26 × 10-6 1.47 × 10-6 1.28 × 10-3 3.26 × 10-3 1.20 × 10-1 1.92 × 10-2 

Mean 1.06 × 10-1 1.43 × 10-2 2.93 × 10-6 1.32 × 10-6 1.15 × 10-3 2.93 × 10-3 1.08 × 10-1 1.72 × 10-2 
SE 6.70 × 10-3 9.24 × 10-4 1.88 × 10-7 8.66 × 10-8 7.51 × 10-5 1.88 × 10-4 6.96 × 10-3 1.13 × 10-3 

SBR1 1.72 × 10-1 2.31 × 10-2 4.74 × 10-6 2.13 × 10-6 1.86 × 10-3 4.74 × 10-3 1.74 × 10-1 2.78 × 10-2 
SBR2 1.90 × 10-1 2.55 × 10-2 5.22 × 10-6 2.35 × 10-6 2.05 × 10-3 5.23 × 10-3 1.92 × 10-1 3.07 × 10-2 
SKR2 3.50 × 10-2 4.69 × 10-3 9.62 × 10-7 4.33 × 10-7 3.77 × 10-4 9.63 × 10-4 3.53 × 10-2 5.65 × 10-3 

Note: SE= standard error. SBR1= based on the maximum level of Pb (46.5 mg/kg dry weight) reported 
by Ismail and Ramli [18]; SBR2= based on the maximum level of Pb (51.24 mg/kg dry weight) reported 
by Saed et al. [19]; SKR2= based on the maximum level of Pb (9.44 mg/kg dry weight) reported by Saed 
et al. [19];. 
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