
To Design a Human Pbpk Model to Evaluate
Cadmium Exposure Through Shell�sh Consumption
in Taiwan
Hao-Hsiang Ku 

National Taiwan Ocean University https://orcid.org/0000-0003-1537-6724
Pham Thi Tien 

National Taiwan Ocean University
Min-Pei Ling  (  mpling@email.ntou.edu.tw )

National Taiwan Ocean University

Research Article

Keywords: Risk assessment, Physiologically based pharmacokinetics model, Shell�sh, Cadmium, Heavy
metal

Posted Date: April 27th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-453395/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-453395/v1
https://orcid.org/0000-0003-1537-6724
mailto:mpling@email.ntou.edu.tw
https://doi.org/10.21203/rs.3.rs-453395/v1
https://creativecommons.org/licenses/by/4.0/


To Design a Human PBPK Model to Evaluate Cadmium Exposure Through Shellfish 
Consumption in Taiwan 

 

Hao-Hsiang Ku12, Pham Thi Tien1, Min-Pei Ling12* 
1Institute of Food Safety and Risk Management, National Taiwan Ocean University,  

2Department of Food Science, National Taiwan Ocean University, 
No 2 Pei-Ning Road, Zhongzheng Dist., Keelung City 202301, Taiwan, R.O.C 

Email: mpling@email.ntou.edu.tw 

 

Abstract 
This study uses a physiology-based pharmacokinetic model to predict Cadmium 

(Cd) concentrations in urine and blood through shellfish consumers. The main purpose 
focus on assessment of human health risk to Cd through exposure via shellfish in 
Taiwan. A Hill-based dose-response model is utilized to estimate renal dysfunction and 
peripheral arterial disease risks in humans after long-term exposure. Sensitivity 
analyses and Monte Carlo simulations are implemented to support the risk assessment 
of cadmium in humans. Results indicate that glomerular and tubular damage (GTD) is 
different between group ages and genders ranged from 17.8067% - 17.8072%, 
respectively. Results show that the peripheral arterial disease prevalence (PADP) ranges 
from 3.2505% - 4.5968% in male and ranges from 4.7168% - 7.0152% in female, 
respectively. The study concludes that Cd dietary consumption is very low, for males 
and for females in the different age groups. This study provides a foundation that can 
resolve the risk dose-dependency of Cd hazard. 
 

Keywords: Risk assessment, Physiologically based pharmacokinetics model, Shellfish, 
Cadmium, Heavy metal. 
 

1. Introduction 

Because of one natural geological source, pollution by cadmium-containing 
fertilizers, and industrial emissions. Vegetable crops include rice, wheat, and potatoes 
absorb cadmium from soil. Some researchers showed that cadmium poses a toxicity 
threat to human health through groundwater, basil plants, or animal. (Lajayer et al., 
2019). Seafood such as fish, prawns, mussels, oyster, clams are regularly an 
accumulation of heavy metal such as cadmium (Cd), copper (Cu), zinc (Zn), lead (Pb), 
arsenic (As). Cadmium is accumulated in fish, meat, liver, kidney of sheep, cow 
(Ahmed et al., 2015; Ruiz-Fernandez et al., 2018). These studies show that the toxic 
metals can enter aquatic organism via water, food and accumulate in subcellular 
compartments of tissues, controlling by geochemical, physiological factors such as ions, 
salinity (Pan, 2009). The important effect on human health is considered to be the toxic 
effect on the renal proximal tubules which can result in clinical kidney disease. The 
method for assessing cadmium and managing risk in the occupational setting is 
necessary. The method for assessing cadmium in food is a measurement of tubular 
kidney effects and of the urinary excretion of cadmium (Wang et al., 2017). 

The risk assessments organization of European Food Safety Authority (EFSA) and 
WHO/JECFA indicated that kidney dysfunction was considered as a critical effect with 
the lowest exposure. An unsureness regarding low dose kidney effects and the 
increasing number of proofs for low-dose bone effects make necessarily the 
organization of risk assessment to consider bone effects so as to appear to be a possible 
critical effect (European Food Safety, 2009). A lot of the previous studies published risk 
assessments for human health as the critical evidence of the effects of cadmium on 



kidneys. The Physiologically-based pharmacokinetics (PBPK) often estimates risk to 
human health or it can be used as a tool for drug (Charnick et al., 1995). PBPK model 
should is to evaluate the human exposure and health risk modeling framework that 
object to address chemical contaminants (Sasso et al., 2010). Hence, the primary focus 
of this study is on the risk assessment of low-level exposures to cadmium through the 
consumption of shellfish in Taiwan in order to provide a piece of information for 
preventive action to protect human health. This study designs the PBPK model to 
estimate the organ-specific cadmium levels in the non-smoking group with a 
quantitative risk assessment for human health exposed to cadmium. 

The remainder of this paper is organized as follows. Section 2 describes the 
literature review. Section 3 describes the proposed human PBPK model to evaluate 
Cadmium exposure through shellfish consumption in Taiwan. Section 4 describes the 
evaluations. Finally, section 5 gives the concluding remarks. 
 

2. Literature Review 

    In essence, physiologically based pharmacokinetic modeling (PBPK) models 
describe the physiological, biochemical, and physicochemical determinants through 
absorption, distribution, metabolism, and excretion (ADME) of chemicals in the body 
human or animal. The models are generally combined with three main parts: species-
specific physiological parameters, chemical-specific parameters, and the structural 
model. The parameters of physiological comprise body weight, cardiac output, mass 
and volume of the organ, blood flow, vascular space of each organ, tissue composition, 
and metabolizing enzyme phenotype (Lin et al., 2016). Chemical-specific parameters 
include constituting partition and permeability coefficients, metabolic rate constants, 
protein binding affinity, and enzyme or transporter activity. Some formed studies 
estimate as a linear bioaccumulation factor with a greater risk for human health. Other 
linear such as bio-concentration factors estimate the transition of cadmium from the 
population environment such as air, cigarettes, food, drink water, soil exposure to 
human organs. Prediction of daily intake of cadmium considers Cd-bioavailability 
through consumption of rice pollution without statistical the uncertainty of the model 
(Zhao et al., 2017). The research of the French Nutrition and Health Survey (ENNS), 
based on dietary intake using the PBPK model biomonitoring data to assess the risk of 
cadmium exposure from external and internal critical values relative to the effect of a 
kidney, urinary through smoking habits and contamination level in food, cigarette 
combined with Bayesian population model (Bechaux et al., 2014). The PBPK model is 
also to assess human health risk to cadmium through inhalation and seafood 
consumption assessed human renal dysfunction and peripheral arterial disease risks for 
a long-term cadmium exposure (Ju et al., 2012). For human ingestion of fish had higher 
bio-accessibility than shellfish. Results indicated that the differences between gender 
and smoker by the damage of glomerular, tubular and smokers had higher morbidity 
risk of peripheral arterial disease than those of nonsmoker with ingestion seafood of 
cadmium exposure. The link among urinary cadmium and dietary intake to determine 
the risk assessment of long-term cadmium exposure, the model is modified from the 
original version of the K&N conjunct to modify the one-compartment model (Amzal et 
al., 2009; Nordberg et al., 2018). The PBPK model is applied to determine the urinary 
cadmium excretion in humans through the measurements of soil-rice (Liu et al., 2018). 
Some research modified the version of the K&N to reconsider the most sensitive 
parameters in organs such as blood, plasma, kidney, cortex, urinary excretion. These 
references implemented the PBPK to determine the effect of exposure to heavy metal 
on human health, but they did not mention the whole process to control that heavy 



metals.   

In this study, it is to design a human PBPK model to evaluate Cadmium exposure 
through shellfish consumption in Taiwan. The evaluation model is modified from the 
K&N model and PBPK model. The K&N model of Nordberg & Kjellstrom is applied 
due to a most important model and as well as the basis for other published cadmium 
PBPK models (Nordberg & Kjellstrom, 1979). The K&N model has been applied to 
simulated cadmium exposed through consumption of food into the body of a human 
(Fransson et al., 2014; Ju et al., 2012). It clearly provides evidence to predict urinary 
the concentration of cadmium through oral injection which based on the data from the 
national health and nutrition examination survey (NHANES) (Ruiz et al., 2010).  

 

3.  The Human Physiologically Based Pharmacokinetic Model 
The human Physiologically based pharmacokinetic (PBPK) model uses to 

evaluate Cadmium exposure through shellfish consumption, which is composed the 
absorption, transport, and distribution, excretion, accumulation of cadmium flowing 
three blood compartments to other tissue. It establishes the average daily intake of 
cadmium through the consumption of shellfish in Taiwan. The model investigates the 
dose-response analysis of peripheral arterial disease prevalence and glomerular and 
tubular damage. It calculates the exceedance risk, data analysis. Figure 1 is the proposed 
PBPK model for cadmium exposure. The model describes the absorption of cadmium 
from intestine to tissue compartments including other tissue, kidney, liver connect with 
blood flow, and excretion by urine and fecal. The detail evaluation processes are 
described as follows. 
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Figure 1. The PBPK model for cadmium exposure through shellfish consumption. 

 

(1) The use of differential equations to describe transfers of cadmium consumption of 
shellfish which called: oral exposure to amount and flow between 7 compartments: 
intestine (I), 3 blood compartment including plasma other (PL), red blood cell (R), 
plasma metallothionein (PM), liver (L), kidney (K), other tissue (OT) and two 
excretion routes: feces (F) and urine (U) and some adaption with the algorithms 
for males and females to be consistent with organ weights to calculate age-specific 
cadmium concentrations from tissue cadmium burdens.  

(2) This model eliminated the model lung compartment when compared with the 



original model of Kjellstrom-Nordberg because of other pathways for instance 
inhalation or dermal contact which is mentioned to be not important than intestine 
absorption (Ji et al., 2013).  

(3) The main purpose of this study is to focus on the nonsmokers and estimate the 
health risk through the consumption of shellfish which is the product hidden 
cadmium. Table 1 presents the prior ranges of parameter values and final values 
(Fransson et al., 2014; Nordberg & Kjellström, 1979).  

 

Table 1. Model parameters with initial ranges and final estimates 

Coefficient Unit  Initially assumed range  

Minimum Maximum Final estimate 

CI - 0.03 0.1 0.048 

CIpm - 0.2 0.4 0.25 

CPt - 0.4 0.8 0.44 

CPf - 0.05 0.5 0.27 

CPl - 0.1 0.4 0.25 

CLp day-1 0.0 0.0001 0.00003 
CTp day-1 0.00004 0.0002 0.00014 

CKp day-1 0.0 0.0001 0.00001 

CX - 0.01 0.05 0.04 

CRpm day-1 0.004 0.015 0.012 

CLpm day-1 0.0001 0.0003 0.00016 

CLf day-1 0.0 0.0001 0.00005 

CPmk - 0.8 0.98 0.95 

Cku day-1 0.00002 0.0002 0.00014 

C20 - 0.005 0.5 0.1 

 

3.1 Absorption  

The cadmium intake through consumption of shellfish is retained in intestinal 
walls 3% to 10% (CI = 0.03–0.1) of daily intake and retained in the intestinal. The total 
daily absorbed amount in intestinal (I) is calculated as I=d*CI, I1=I-I2 and I2=CIpm*I. 
Where I is the daily absorbed amount of cadmium in intestinal (µg day-1), I1 is the daily 
absorbed amount from intestine to plasma other (µg day-1), I2 is the daily absorbed 
amount from intestine to metallothionein (µg day-1), d is average daily intake of 
cadmium (µg kg-1 day-1), CI is the assumption of retention in the intestinal (%), CIpm is 
the accumulation of cadmium in the kidney which is received a certain fraction (%).  
(Nordberg & Kjellström, 1979).  

3.2 Distribution  

A probable proportion of plasma cadmium will be blended into metallothionein. 
In this case, cadmium will quickly transfer to the kidney. Two forms of metallothionein 
will occur, one compound regard their relative accumulation, and the other compound 
is urinary excretion. Cadmium in the blood is mostly initiated in the plasma 
immediately after injection into experimental animals (Nordberg & Kjellström, 1979). 
During the initial 24 hours, there is an express diffusion from plasma and establish in 
the blood cells, and then at repeated injections, a bigger proportion of blood cadmium 
is recognized in the blood cells. Cadmium in blood cells is almost bound to a similar 
size protein as metallothionein. It is not promptly convertible into plasma cadmium. 
Blood-cell cadmium will probably be removed slowly as the blood cells take over and 
it will be moved to the kidney (Nordberg & Kjellström, 1979). 

The binding of cadmium in the various tissue is much stronger than the plasma 
other. Thus, the proportion of transferring from plasma other (PL) to the tissues will be 
higher than the transfer back from the tissues. This indicating that CPt is much larger 



than CTP, and CPl is much larger than CLp. The initial value of the proportion 
concentration of cadmium from plasma other (PL) to other tissues (OT) and liver (L) is 
assumed to be proximate to their distribution of body burden in the order of 50% in 
(OT) and 16% in (L). Consequently, the value of CPt and CPl are calculated at 0.4 to 0.8 
and 0.1 to 0.4, respectively.  

3.3 Accumulation 

A numerous accumulation of cadmium occurs in the compartments liver (L), 
kidney (K), and other tissue (OT). A certain part of the liver cadmium will be released 
to plasma metallothionein (CLpm×L). The main accumulation reaches in the 
compartments liver (L), kidney (K), and other tissue (OT). According to previous 
research from a one-compartment metabolic model, the half-time of cadmium in the 
liver approximately estimates to be about 7 years. This study initially presumes CLp = 
0 to 0.0001 (day-1) and CLpm = 0.0001 to 0.0003 (day-1) together with CLf giving a half-
time in the liver of 4 to 19 years. When compared to the half-life in the kidney with the 
liver that the half-life in the kidney is twice than in the liver approximately 0.007% of 
body burden is excreted daily in the urine (Nordberg et al., 2018; Nordberg & 
Kjellström, 1979). Thus, the value of CKu and CKp in the order of 0.00005 to 0.0002 
day-1 and 0 to 0.0001 day-1. The proportional range of half-time in the kidney will be 
around 6 to 38 years. The decrease of the total number of tubular cells will directly 
affect to decrease of reabsorption in the tubular. The reason for a loss of cells will cause 
an increase in the transport of cadmium from kidney tubules to blood. It also increases 
excretion of cadmium from tubules to urine (Nordberg & Kjellström, 1979). Cdc has 
assumed the range of 0 to 0.000002 day-1. The initial value of CTp is assumed 0.00004 
to 0.0002 day-1 because 50% of the total body burden will be in other tissue (OT) in the 
long-term with low-level exposure. The estimation of the whole-body half-life ranges 
from 10 to 30 years and the half-life in muscles are longer than the liver and kidney. 
Therefore, other tissue compartments have a relatively long half-life and suitable to the 
coefficients of the model that about half of the body burden would be into other tissue 
in older age groups (>40 years). 

The consistent flow of cadmium among the compartments including plasma other 
(PL), red blood cell (R), plasma metallothionein (Pm), whole blood (WBL), liver (L), 
kidney (K), other tissues (OT) in the model can be shown by a list of differential 
equations. Equations are calculated as formula (1) to (7).  

PL = I1 + CTp*OT+ CLp*L + K*CKp (1) 
d/dt (R) = CX*PL – CRpm*R (2) 
Pm = I2 + CRpm *PL + CLpm * L (3) 
WBL = R + C20*(PL + Pm) (4) 
d/dt (L) = CPl*PL - (CLp+ CLpm+CLf) *L (5) 
d/dt (K) = CPmk*Pma - (CKu+CKp) * K (6) 
d/dt (OT) = CPt*PL – CTp*OT (7) 

Where plasma other (PL) is the amount of cadmium reaching plasma other 
compartments (µg day-1), other tissues (OT) is a numerous accumulation of cadmium 
occurs in other tissues compartment (µg day-1), liver (L) is a numerous accumulation 
of cadmium occurs in liver compartment (µg day-1), CTp is fraction from plasma other 
to other tissues (-), CLp is transfer rate from liver to plasma other (day-1), kidney (K) is 
a numerous accumulation of cadmium occurs in kidney compartment (µg day-1), CKp is 
transfer rate from kidney to plasma other (day-1), (R) is a numerous accumulation of 
cadmium occurs in red blood cell (R) (µg day-1), CX is Fraction from plasma other to 
red blood cells (-), CRpm is transfer rate from red blood cells to plasma metallothionein 
(day-1), plasma metallothionein (Pm) is the amount of cadmium reaching plasma 



metallothionein (µg day-1), CLpm is transfer rate from liver to plasma metallothionein 
Fraction of PL and Pm in total blood (day-1), whole blood (WBL) is a numerous 
accumulation of cadmium occurs total which calculate from plasma other, red blood 
cell, and plasma metallothionein (µg day-1), C20 is fraction of cadmium in the plasma 
compartments contributing to whole blood (-), CPl is fraction from plasma other to liver 
(day-1), CLf is excretion rate from liver to feces (day-1), CPmk is tubular reabsorption 
capacity (-), CKu is excretion rate of cadmium accumulated in kidney to 24-h urine (-), 
CKp is transfer rate from kidney to plasma other (day-1), CPt is fraction from plasma 
other to other tissues (-) (Fransson et al., 2014; Nordberg & Kjellström, 1979).  

3.4 Excretion 

A large proportion of cadmium excreted through feces and urine and the 
proportion excretion of cadmium is depended on body burden. However, the excretion 
rate is depended on a function of the dose. The limit of the daily dose is (0.25 mg kg-1 
body weight in mice), the rate of urinary excretion is around 0.01% of body burden and 
in human being is assumed about 0.007% (Nordberg & Kjellström, 1979). The certain 
proportion (CPf) of cadmium in blood (PL) that predicted excretion through the 
intestinal wall to the feces (CPf×P) and the range of 0.005 to 0.5. A proportion (CLf) of 
cadmium in the liver is assumed to be excreted via bile to the feces (CLf×L). Only a 
small proportion (0.1-0.4%) of the injected dose is excreted for 24 hours. Consequently, 
the proportion of CLf is assumed in the range of 0 to 0.0001 day-1. The total daily 
excreted amount of cadmium at a steady-state would be similar to the daily absorbed 
amount (Nordberg & Kjellström, 1979). For example, the average daily intake of an 
adult in food is 16 µg and the absorption rate would be 5%, the average body burden is 
5 mg, then the daily absorption amount is assumed 0.016% of body burden. The 
excretion of urinary is 0.007% and the fecal excretion would be 0.009%. The main 
purpose of modeling is assumed the fecal excretion of body burden and urine excretion 
value around 0.002 to 0.02% (Nordberg & Kjellström, 1979).  

In order to calculation the amount excretion of cadmium through feces and urine 
is calculated as formula (8) and (9).  

U = Pma*(1-CPmk) + CKu*K (8) 
F = CPf*PL + CLf*L (9) 

 Where urine (U) is the proportion excretion of cadmium in urine (µg day-1), feces 
(F) is the proportion excretion of cadmium in feces (µg day-1), CPf is fraction from 
plasma other to fecal excretion (-), CLf is excretion rate from liver to feces (day-1).  

3.5 Data collection 
Average daily intake of cadmium (d) (µg kg-1day-1) from shellfish consumption 

are calculated shellfish ingestion rate (IR) (g day-1) multiplying by the cadmium 
concentration (C) (µg g-1 wet wt) in shellfish and then divided by the body weight of 
the individual (kg) (BW) (Diamond et al., 2003). In brief, the average intake of 
cadmium (d) is calculated as the formula (10).  𝑑 = (𝐶 ∗ 𝐼𝑅)𝐵𝑊  (10) 

The cadmium concentration (C) is estimated to be 0.62±49.73 (µg g-1 wet wt) of 
cadmium on shellfish as show in Table 2 (Ju et al., 2020; Ju et al., 2012; Lin et al., 2004; 
Wang & Lu, 2017). Table 3 presents the following assumption including the shellfish 
ingestion rate (IR) with the body weight follows by National Food Consumption 
Database in Taiwan. 
3.6 Dose-response analysis 

This study reanalyzes the published data and renovate two dose-response relationship 
(Tellez-Plaza et al., 2010). The level of cadmium in urine (CdU) and glomerular and  



Table 2. Cadmium content of shellfish in Taiwan 

Species Cd concentration (µg g-1 wet wt) 
Oyster Crassostrea gigasa LN(0.25, 1.84)e 

Hard clam Meretrix lusoriaa LN(0.12, 2.31) 
Freshwater clam Corbicula flumineaa LN(0.16, 1.35) 
Other shellfisha LN(0.11, 0.18) 
Hard clams Meretrix lusoriab  0.2±0.08f 

 (0.05-0.38)g 

Oyster Crassostrea gigas (n=59)d,k 0.16±0.31 

(0.02-2.44) 
Clams Meretrix lusoria (n = 14) k 

Venus clams Ruditapes variegate (n=10) 
0.19 

(0.02-0.79) 
Mussels Perna viridis 0.03 

Mussels Sanguinolaria diphos (Linnaeus)c 0.02 

Clams Katelysia hiantinac 0.06 

(0.01-0.11) 
Clams Anomalocardia squamosac 0.06 

(0.02-0.12) 
Clams Anadara antiquatac 0.29 

(0.07-0.79) 
Clams Phyllotreta undulatac 0.07 

(0.009-0.17) 
Total concentration of cadmium   N(0.62±49.73) 

a,b Adopted from (Ju et al., 2012). c Adopted from (Wang & Lu, 2017). d Adopted from 
(Lin et al., 2004). e LN(a,b): lognormal distribution with geometric mean a and 
geometric standard deviation b. f Mean ± standard deviation. g Range. k Number of 
samples. 
 

Table 3. The amount of shellfish consumed in Taiwan 

Age 
Average 

Weight (BW) 
 Shellfish cooked weight (g day-1) 

Min Max Mean SE SD P95 

0-3 Male 12.70 0.00 74.42 1.29 0.36 6.54 6.77 

0-3 Female 12.09 0.00 33.19 0.91 0.23 4.17 5.11 

3-6 Male 19.97 0.00 129.16 1.84 0.46 9.94 6.65 

3-6 Female 19.44 0.00 74.48 1.21 0.28 6.03 7.24 

6-12 Male 37.10 0.00 131.63 2.14 0.38 11.51 7.50 

6-12 Female 35.19 0.00 186.32 2.02 0.33 10.01 12.61 

12-16 Male 57.95 0.00 83.35 1.83 0.34 8.53 11.49 
12-16 Female 52.11 0.00 161.18 1.52 0.36 8.77 9.26 

16-18 Male 64.65 0.00 198.30 3.60 1.14 18.12 14.20 

16-18 Female 55.79 0.00 41.62 1.43 0.41 6.38 7.13 

19-65 Male 70.93 0.00 268.66 3.02 0.33 14.82 16.41 

19-65 Female 58.54 0.00 132.77 2.10 0.22 9.76 13.77 

 

tubular damage (GTD) for adults and the level of cadmium in the blood (CdB) and 
PADP for males and females is depicted by a 4-parameter Hill model. It is calculated 
as the formula (11).  𝑅(𝐶𝑑𝑈,𝐵) = 𝑅𝑚𝑖𝑛 + 𝑅𝑚𝑎𝑥 − 𝑅𝑚𝑖𝑛1 +  (𝐶𝑑𝑈,𝐵𝐸𝐶50)𝑛 (11) 

Where CdU,B is cadmium in urine (µg g-1 creatinine) and cadmium in blood (µg L-

1), R(CdU,B) is the Cd-dependent response measured as GTD (%) or PADP (%), Rmin,max 
are the minimum and maximum responses (%), respectively, EC50 is the effective 
concentration at 50% response, and n is the Hill coefficient (Ju et al., 2012).  



3.7 Exceedance risk 
The dose-response profiles are applied to the conditional probabilities. Thence, the 

relationship between cadmium in urine and GTD can be shown as P(GTD/CdU) (Ju et 
al., 2012). For whole blood, the relationship between cadmium in blood and PADP can 
be shown as P(PADP/CdB). Cadmium in urine and blood can be estimated by the PBPK 
model through the consumption of daily shellfish. The risk of human health (RGTD, PADP) 
can be computed as the probability density functions of CdU and CdB multiplied by the 
conditions’ probabilities of GTD and PADP, respectively, as formula (12) and (13). 
P(RGTD) = P(CdU)*P(GTD/CdU) (12) 
P(RPADP) = P(CdB)* P(PADP/CdB) (13) 

Where P(RGTD) and P(RPADP) express the human health risk predicts based on two 
responses of GTD and PADP, respectively. 
 

4. Evaluation 
This section describes results of modifying the dose-response profiles, estimates 

intake through cadmium concentration in blood, cadmium concentration in urine, 
probability of cadmium in blood and probability of cadmium in urine. Exceedance risk 
curves express the valuation probabilistic of glomerular and tubular damage and 
peripheral arterial disease prevalence difference population groups as show in Table 4. 
Results show that the GTD value can be obtained for different genders ranging from 
17.8067%-17.8072%. The value of PADP ranges from 3.2505%-4.5968% in males and 
ranges from 4.7168%- 7.0152% in females. The detail results are shown in Figure 2. 
 

Table 4 Human health risk of GTD (%) and PADP(%) of intake Cd from Shellfish. 

Gender 
Age  

Male Female 

GTD PADP GTD PADP 

0-3 ages 17.8065-17.8071 3.25-4.60 17.8065-17.8066 4.72-6.08 

3-6 ages 17.8066-17.8071 3.25-3.49 17.8068-17.8071 5.27-6.40 

6-12 ages 17.8068-17.8071 3.25-3.28 17.8068-17.8071 6.03-6.67 

12-16 ages 17.8070-17.8071 3.28-3.29 17.8070-17.8071 6.67-6.92 

16-18 ages 17.8070-17.8071 3.27-3.29 17.8070-17.8071 6.73-7.02 

19-65 ages 17.8068-17.8071 3.27-3.29 17.8068-17.80-1 6.57-6.81 

 

  

Figure 2. (A) exceedance risk of GTD and PADP group 16-18 ages for male, (B) 
exceedance risk of GTD and PADP group 16-18 ages for female, (C) exceedance risk 
of GTD and PADP group 19-65 ages for male, (D) exceedance risk of GTD and PADP 
group 19-65 ages for female. 
 

One of the main implementations of the PBPK model is the process of linking 
long-term exposure measurements of a chemical. For that reason, this research 



discusses the individual linkage among consumption of shellfish, urine, and blood 
cadmium concentrations and the consideration of the population variations. This study 
anticipates the average valuation of urinary and blood cadmium and total cadmium 
intake within the Taiwan population including children, adults, males, and females. 
Furthermore, this study applies gender-specific creatinine content to modify the result 
of the PBPK model to decrease the urine dilution effect. People who are intake a higher 
absorption capacity of cadmium in the gastrointestinal tract also relates to high-risk 
populations for cadmium exposure. Moreover, the strengths of this study applied in the 
different age groups to predict cadmium concentration in urine and blood to present the 
individual-specific absorption abilities.  

 

5. Conclusion 

Due to the effecting of toxic cadmium on human health such as on kidneys, bones, 
cancer when human have a long-term exposure of cadmium. Then, the present study 
proposed a model to assess the effect of exposure cadmium on the human body. This 
study designs physiologically based pharmacokinetic modeling to assess low-level 
cadmium exposure from the diet. In order to assess human renal dysfunction and 
peripheral arterial disease risks for long-term cadmium exposure, this study is used the 
Hill-based dose-response model. The predictive ability of the model, this study is 
evaluated using the Monte Carlo simulations. Gender differences in the association with 
the absorption of cadmium on the human body are evaluated using data from children 
0-3 age to adults ≤ 65 age. Depending on the gender corresponding with the level of 
renal effect. Glomerular and tubular damage (GTD) is different between group ages and 
genders ranged from 17.8067%-17.8072%, respectively. The peripheral arterial disease 
prevalence (PADP) is ranging from 3.2505%-4.5968% in males and ranging from 
4.7168%-7.0152% in females, respectively. 

Results of this research proposed that cadmium dietary exposure via shellfish 
consumption is very low, for males and for females in the different age groups. Results 
indicated that there is no significant risk present by cadmium. However, this study 
suggests that a probable health risk will be appeared by long-term exposure to low-level 
cadmium among the general populations through the consumption of shellfish.  
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Figures

Figure 1

The PBPK model for cadmium exposure through shell�sh consumption.

Figure 2



(A) exceedance risk of GTD and PADP group 16-18 ages for male, (B) exceedance risk of GTD and PADP
group 16-18 ages for female, (C) exceedance risk of GTD and PADP group 19-65 ages for male, (D)
exceedance risk of GTD and PADP group 19-65 ages for female.


