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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: Cadmium 
CAS Numbers: 7440-43-9 
Date: September, 2012 
Profile Status: Post-Public Comment Draft 2 
Route: [ ] Inhalation   [X] Oral 
Duration: [ ] Acute   [X] Intermediate   [ ] Chronic 
Graph Key: 33 
Species: Rat 
 
Minimal Risk Level:  0.5  [X]  μg Cd/kg/day   [ ] ppm 
 
Reference:  Brzóska MM, Moniuszko-Jakoniuk J.  2005d.  Disorders in bone metabolism of female rats 
chronically exposed to cadmium.  Toxicol Appl Pharmacol 202(1):68-83. 
 
Brzóska MM, Majewska K, Moniuszko-Jakoniuk J.  2005a.  Bone mineral density, chemical composition 
and biomechanical properties of the tibia of female rats exposed to cadmium since weaning up to skeletal 
maturity.  Food Chem Toxicol 43(10):1507-1519. 
 
Brzóska MM, Majewska K, Moniuszko-Jakoniuk J.  2005c.  Weakness in the mechanical properties of 
the femur of growing female rats exposed to cadmium.  Arch Toxicol 79(5):277-288. 
 
Experimental design:  Groups of 40 3-week-old female Wistar rats were exposed to 0, 1, 5, or 50 mg 
Cd/L as cadmium chloride in drinking water for 12 months.  The investigators noted that cadmium 
intakes were 0.059–0.219, 0.236–1.005, and 2.247–9.649 mg Cd/kg/day in the 1, 5, and 50 mg/L groups, 
respectively.  Using cadmium intake data presented in a figure, cadmium intakes of 0.2, 0.5, and 4 mg 
Cd/kg/day were estimated.  Bone mineral density, bone mineral concentration, and mineralization area of 
the lumbar spine, femur and total skeleton (bone mineral density only) were assessed after 3, 6, 9, or 
12 months of exposure.  The mechanical properties of the femur and tibia were evaluated after 12 months 
of exposure.  Markers for bone resorption (urinary and serum levels of C-terminal cross-linking 
telopeptide of type I collagen [CTX]) and bone formation (serum osteocalcin, total alkaline phosphatase, 
and cortical bone and trabecular bone alkaline phosphatase), and serum and urinary levels of calcium 
were also measured at 3, 6, 9, and 12 months.   
 
Effect noted in study and corresponding doses:  No significant alterations in body weight gain or food and 
water consumption were observed.  Significant decreases in total skeletal bone mineral density was 
observed at ≥0.2 mg Cd/kg/day; the decrease was significant after 3 months in the 4 mg Cd/kg/day group, 
after 6 months in the 0.5 mg Cd/kg/day group, and after 9 months in the 0.2 mg Cd/kg/day group.  
Significant decreases in whole tibia and diaphysis bone mineral density were observed at ≥0.2 mg 
Cd/kg/day after 12 months of exposure.  At 0.2 mg Cd/kg/day, bone mineral density was decreased at the 
proximal and distal ends of the femur after 6 months of exposure; diaphysis bone mineral density was not 
affected.  At 0.5 mg Cd/kg/day, bone mineral density was decreased at the femur proximal and distal ends 
after 3 months of exposure and diaphysis bone mineral density after 6 months of exposure.  At 4 mg 
Cd/kg/day decreases in femoral proximal, distal, and diaphysis bone mineral density were decreased after 
3 months of exposure.  Similarly, bone mineral density was significantly decreased in the lumbar spine in 
the 0.2 and 0.5 mg Cd/kg/day groups beginning at 6 months and at 3 months in the 4 mg Cd/kg/day 
group.  Significant decreases in the mineralization area were observed in the femur and lumbar spine of 
rats exposed to 4 mg Cd/kg/day; lumbar spine bone mineral area was also affected at 0.5 mg Cd/kg/day.  
Significant decreases in tibia weight and length were observed at 4 mg Cd/kg/day.  In tests of the 
mechanical properties of the tibia diaphysis, significant alterations in ultimate load, yield load, and 
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displacement at load were observed at ≥0.2 mg Cd/kg/day; work to fracture was also significantly altered 
at 4 mg Cd/kg/day.  In the mechanical properties compression tests of the tibia, significant alterations 
were observed in ultimate load, ultimate load, and stiffness at 0.2 mg Cd/kg/day; displacement at yield 
and work to fracture at ≥0.5 mg Cd/kg/day; and displacement at ultimate at 4 mg Cd/kg/day.  Multiple 
regression analysis showed that the cadmium-induced weakness in bone mechanical properties of the tibia 
was primarily due to its effects on bone composition, particularly the non-organic components, organic 
components, and the ratio of the ash weight to organic weight.  The mechanical properties of the femur 
were strongly influenced by the bone mineral density (at the whole bone and diaphysis).  A significant 
decrease in femur length was observed at 6 months of exposure to ≥0.2 mg Cd/kg/day; however, 
decreases in length were not observed at other time points in the 0.2 or 0.5 mg Cd/kg/day groups.  Femur 
weight was significantly decreased at 4 mg Cd/kg/day.  In tests of mechanical properties of the femoral 
neck and distal, decreases in yield load, ultimate load, displacement at ultimate, work to fracture (neck 
only), and stiffness (distal only) were observed at ≥0.2 mg Cd/kg/day.  For the femoral diaphysis, 
significant alterations were observed for yield load, displacement at yield, and stiffness at ≥0.2 mg 
Cd/kg/day.  Significant decreases in osteocalcin concentrations were observed in all cadmium groups 
during the first 6 months of exposure, but not during the last 6 months.  Decreases in total alkaline 
phosphatase levels at 4 mg Cd/kg/day, trabecular bone alkaline phosphatase at 0.2 mg Cd/kg/day, and 
cortical bone alkaline phosphatase at 4 mg Cd/kg/day were observed.  CTX was decreased at ≥0.2 mg 
Cd/kg/day.  Total urinary calcium and fractional excretion of calcium were increased at ≥0.2 mg 
Cd/kg/day. 
 
Dose and end point used for MRL derivation:   
 
[ ] NOAEL   [ ] LOAEL   [X] BMDLsd1 
 
At the lowest dose tested, 0.2 mg Cd/kg/day, a number of skeletal alterations were observed including 
decreases in bone mineral density in the lumbar spine, femur, and tibia, alterations in the mechanical 
properties of the femur and tibia, decreases in osteocalcin levels, decreases in trabecular bone alkaline 
phosphatase, and decreases in CTX.  Of these skeletal end points, the decrease in bone mineral density 
was selected as the critical effect because Brzóska et al. (2005a, 2005c) demonstrated that the bone 
mineral density was a stronger predictor of femur and tibia strength and the risk of fractures. 
 
Available continuous models in the EPA Benchmark Dose Software (version 1.4.1c) were fit to data 
(Table A-1) for changes in bone mineral density of the femur and lumbar spine in female rats resulting 
from exposure to cadmium in the drinking water for 6, 9, or 12 months (Brzóska and Moniuszko-
Jakoniuk 2005d).  The BMD and the 95% lower confidence limit (BMDL) is an estimate of the doses 
associated with a change of 1 standard deviation from the control.  The model-fitting procedure for 
continuous data is as follows.  The simplest model (linear) is applied to the data while assuming constant 
variance.  If the data are consistent with the assumption of constant variance (p≥0.1), then the other 
continuous models (polynomial, power, and Hill models) are applied to the data.  Among the models 
providing adequate fits to the means (p≥0.1), the one with the lowest Akaike’s information criterion 
(AIC) for the fitted model is selected for BMD derivation.  If the test for constant variance is negative, the 
linear model is run again while applying the power model integrated into the benchmark dose software 
(BMDS) to account for nonhomogenous variance.  If the nonhomogenous variance model provides an 
adequate fit (p≥0.1) to the variance data, then the other continuous models are applied to the data.  
Among the models providing adequate fits to the means (p≥0.1), the one with the lowest AIC for the 
fitted model is selected for BMD derivation.  If the tests for both constant and non-constant variance are 
negative, then the data set is considered not to be suitable for BMD modeling.   
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Table A-1.  Data Sets for Changes in Mineral Bone Density of the Femur and 
Lumbar Spine in Female Rats Exposed to Cadmium in  

Drinking Water for 6, 9, or 12 Months 
 

Dataseta 
Dose (mg Cd/kg/day) 

0 0.2 0.5 4 
Femurb 

6 month 329.7±3.6 317.6±2.7c 308.5±3.4d 303.4±3.4e 
9 month 343.8±3.1 328.2±2.9d 322.8±3.0e 310.4±3.4e 
12 month 354.3±3.7 338.0±1.9d 330.9±3.1d 318.7±3.4e 

Lumbar spineb 
6 month 272.0±2.4 263.4±2.6c 258.3±2.7d 249.5±2.9e 
9 month 282.4±2.3 271.8±1.6d 267.8±1.8e 259.5±2.7e 
12 month 286.1±2.3 275.5±1.9d 269.1±1.9e 257.1±3.0e 

 
an=10. 
bmean±SE; standard errors were transformed to standard deviations for benchmark dose modeling via a function in 
the BMD software. 
cSignificantly different (p≤0.05) from the control group.  
dSignificantly different (p≤0.01) from the control group.  
eSignificantly different (p≤0.001) from the control group. 
 
Source:  Brzóska and Moniuszko-Jakoniuk 2005d 
 
The potential points of departures derived from the best fitting models for each dataset are summarized in 
Table A-2. 
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Table A-2.  Summary of BMDs and BMDLs From the Best Fitting Models 

Predicting Changes in Bone Mineral Density in Female Rats After  
Cadmium Exposure From Drinking Water 

 
Exposure 
Period 
(months) Best-fitting model 

Number of 
doses 

BMDsd1
a  

(mg Cd/kg/day) 
BMDLsd1

a  
(mg Cd/kg/day) 

Femur 
6 Linear 3 0.24 0.17 
9 Hill 4 0.11 0.05 

12 Hill 4 0.09 0.05 
Lumbar spine  

6 Hill 4 0.19 0.08 
9 Hill 4 0.11 0.05 

12 Hill 4 0.12 0.07 
 
aBMDs and BMDLs from continuous data are associated with a 1 standard deviation change from the control. 
 
The BMDLsd1 of 0.05 mg Cd/kg/day estimated from the 9-month lumbar spine data set was selected as the 
point of departure for the MRL.  In young female rats, the process of intense bone formation occurs 
during the first 7 months of life (the first 6 months of exposure in this study); thereafter, the increase in 
bone mineral density slows.  In the lumbar spine of the control group, the changes in bone mineral density 
at 3–6 months, 6–9 months, and 9–12 months were 15, 4, and 1%, respectively.  Thus, the 9-month data 
may best reflect the effect of cadmium on bone mineral density during the period of rapid skeletal growth.  
The lumbar spine data was selected over the femur data set because trabecular bone, which is abundant in 
the spine, appears to be more susceptible to cadmium toxicity than cortical bone. 
 
For the 9-month lumbar spine data set, the simplest model (linear) was applied to the data first to test for a 
fit for constant variance.  The constant variance model did provide an adequate fit (as assessed by the 
p-value for variance) to the data.  The polynomial, power, and Hill models were then fit to the data with 
constant variance assumed.  The Hill model was the only model that provided an adequate fit to the data 
(as assessed by the p-value for the means) (Table A-3).  Using the constant-variance Hill model, the 
BMDsd1 and BMDLsd1 are 0.11 mg/kg and 0.05 mg Cd/kg/day, respectively (Figure A-1). 



CADMIUM  A-13 
 

APPENDIX A 
 
 

 
 
 
 
 

 
Table A-3.  Model Predictions for Changes in Bone Mineral Density of the Lumbar 

Spine in Female Rats Exposed to Cd in Drinking Water for 9 Months 
 

Modela 
Variance 
p-valueb 

p-Value for 
the meansb AIC 

BMDsd1  
(mg Cd/kg/day) 

BMDLsd1 
(mg Cd/kg/day) 

Linearc 0.36 0.00 211.92 1.93 1.42 
Polynomial (1-degree)c 0.36 0.00 211.92 1.93 1.42 
Polynomial (2-degree)c 0.36 0.00 211.92 1.93 1.42 
Polynomial (3-degree)c 0.36 0.00 211.92 1.93 1.42 
Power 0.36 0.00 211.92 1.93 1.42 
Hill 0.36 0.60 197.21 0.11 0.05 
 
aConstant variance assumed for all models. 
bValues <0.1 fail to meet conventional goodness-of-fit criteria. 
cRestriction = non-positive. 
 
AIC = Akaike’s Information Criteria; BMD = benchmark dose; BMDL = lower confidence limit (95%) on the 
benchmark dose; p = p value from the Chi-squared test; Std1 = a 1 standard deviation change from the control. 
 
Source:  Brzóska and Moniuszko-Jakoniuk 2005d 
 
Figure A-1.  Predicted and Observed Incidence of Changes in Lumbar Spine Bone 

Mineral Density in Female Rats Exposed to Cadmium in Drinking Water for 
9 Months (Brzóska and Moniuszko-Jakoniuk 2005d)* 

250

255

260

265

270

275

280

285

290

0 0.5 1 1.5 2 2.5 3 3.5 4

M
ea

n 
R

es
po

ns
e

dose

Hill Model with 0.95 Confidence Level

15:24 05/27 2008

BMDBMDL

   

Hill

 
*BMDs and BMDLs indicated are associated with a 1 standard deviation change from the control, and are in units of  
mg Cd/kg/day. 
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Uncertainty Factors used in MRL derivation: 
 
 [  ]   10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
Was a conversion factor used from ppm in food or water to a mg/body weight dose?  Investigators 
estimated doses based on body weight and water consumption. 
 
If an inhalation study in animals, list conversion factors used in determining human equivalent dose:  Not 
applicable. 
 
Was a conversion used from intermittent to continuous exposure?  Not applicable. 
 
Other additional studies or pertinent information that lend support to this MRL:  There are limited data on 
the toxicity of cadmium in humans following intermediate-duration exposure.  Numerous animal studies 
have examined the systemic, immunological, neurological, reproductive, and developmental toxicity of 
cadmium.  The most sensitive systemic effect following intermediate-duration oral exposure to cadmium 
appears to be damage to growing bone.  Exposure to 0.2 mg Cd/kg/day as cadmium chloride in drinking 
water for 3–12 months resulted decreases in bone mineral density, impaired mechanical strength of the 
lumbar spine, tibia, and femur bones, increased bone turnover, and increased incidence of deformed or 
fractured lumbar spine bone in young female rats (3 weeks of age at study initiation) (Brzóska and 
Moniuszko-Jakoniuk 2005d; Brzóska et al. 2004b, 2005a, 2005b, 2005c, 2010); similar findings were 
observed in young male rats exposed to 0.5 mg Cd/kg/day for up to 12 months (Brzóska and Moniuszko-
Jakoniuk 2005a, 2005b).  Decreases in bone strength were also observed in young rats exposed to 0.8 mg 
Cd/kg/day as cadmium chloride in drinking water for 4 weeks (Ogoshi et al. 1989); however, no skeletal 
effects were observed in adult or elderly female rats exposed to doses >20 mg Cd/kg/day for 4 weeks 
(Ogoshi et al. 1989).   
 
Renal effects have been observed at higher doses than the skeletal effects.  Vesiculation of the proximal 
tubules was observed in rats exposed to 1.18 mg Cd/kg/day as cadmium chloride in drinking water for 
40 weeks (Gatta et al. 1989).  At approximately 3–8 mg Cd/kg/day, proteinuria, tubular necrosis, and 
decreased renal clearance were observed in rats (Cha 1987; Itokawa et al. 1974; Kawamura et al. 1978; 
Kotsonis and Klaassen 1978; Prigge 1978a).  Liver necrosis and anemia (Cha 1987; Groten et al. 1990; 
Kawamura et al. 1978) were observed at similar cadmium doses. 
 
A number of developmental effects have been observed in the offspring of rats exposed to cadmium 
during gestation and lactation.  Decreases in glomerular filtration rates and increases in urinary fractional 
excretion of phosphate, magnesium, potassium, sodium, and calcium were observed in 60-day-old 
offspring of rats administered via gavage 0.5 mg Cd/kg/day on gestation days 1–21 (Jacquillet et al. 
2007).  Neurodevelopmental alterations have also been observed at the low maternal doses.  Delays in the 
development of sensory motor coordination reflexes and increased motor activity were observed at 
0.706 mg Cd/kg/day (gestation days 1–21) (Ali et al. 1986), decreased motor activity at 0.04 mg 
Cd/kg/day (5–8 weeks of pre-gestation exposure, gestation days 1–21) (Baranski et al. 1983), decreased 
ambulation and rearing activity and altered ECG at 14 mg Cd/kg/day (gestation days 5–15, lactation 
days 2–28, postnatal days 1–56) (Desi et al. 1998) or 7 mg Cd/kg/day (F2 and F3 generations) 
(Nagymajtenyi et al. 1997) have been observed.  Decreases in pup body weight were observed at ≥5 mg 
Cd/kg/day (Baranski 1987; Gupta et al. 1993; Kostial et al. 1993; Pond and Walker 1975) and decreases 
in fetal body weight or birth weight were observed at ≥2.4 mg Cd/kg/day (Petering et al. 1979; Sorell and 
Graziano 1990; Webster 1978; Sutou et al. 1980).  Another commonly reported developmental effect was 
alterations in hematocrit levels or anemia in the offspring of animals exposed to ≥1.5 mg Cd/kg/day 



CADMIUM  A-15 
 

APPENDIX A 
 
 

 
 
 
 
 

(Kelman et al. 1978; Baranski 1987; Webster 1978).  Increases in the occurrence of malformations or 
anomalies is limited to a study by Sutou et al. (1980), which reported a significant delay in ossification in 
rats exposed to 10 mg Cd/kg/day. 
 
The animal studies identify several sensitive targets of toxicity following intermediate-duration exposure 
to cadmium; these include skeletal mineralization in young female rats exposed for at least 3 months to 
0.2 mg Cd/kg/day (Brzóska and Moniuszko-Jakoniuk 2005d; Brzóska et al. 2004b, 2005a, 2005b, 2005c), 
decreased glomerular filtration in young rats exposed during gestation to maternal doses of 0.5 mg 
Cd/kg/day (Jacquillet et al. 2007), and neurodevelopmental effects following gestational exposure to 
0.04 mg Cd/kg/day (Baranski et al. 1983).  Although the Baranski et al. (1983) study reported the lowest 
LOAEL, it was not selected as the principal study for derivation of an intermediate-duration MRL.  For 
locomotor activity, a significant decrease in activity was observed in female offspring exposed to 0.04, 
0.4, and 4 mg Cd/kg/day, as compared to controls; however, no significant differences were found 
between the cadmium groups despite the 100-fold difference in doses.  Locomotor activity was also 
decreased in males exposed to 0.4 or 4 mg Cd/kg/day.  For the rotorod test, a significant decrease in the 
length of time the rat stayed on the rotorod was observed in males exposed to 0.04 and 0.4 mg Cd/kg/day, 
but not to 4 mg Cd/kg/day and in females exposed to 0.4 and 4 mg Cd/kg/day; no differences between the 
cadmium groups were observed in the males and females.  The results were poorly reported and the 
investigators did not explain the lack of dose-response of the effects or the discrepancy between genders. 
 
Agency Contact (Chemical Manager):  Obaid Faroon, DVM, Ph.D. 
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