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https://www.ncbi.nlm.nih.gov/books/NBK233490/
https://www.sciencedirect.com/science/article/pii/S131961032200151X



https://www.ncbi.nlm.nih.gov/books/NBK233490/
https://www.sciencedirect.com/science/article/pii/S131961032200151X

TABLE I-1 Cadmium (Cd) Burdens and Residence Times in the Principal Global Compartments as Reported by Nriagu (1980)

Compartment Cadmium Concentration Total Cadmium in Compartment (g) Residence Time (d)?
Atmosphere 0.03 1ng:"1n3 1.5x 108 7
Hydrosphere:
Ocean 0.06 ng'kg 9x 1013 9x 108
Surface fresh water 0.05 ng'kg 2x 10° na
Fresh water
Sediment layer 0.16 ug/g 1x 101! 1,300
Groundwater 0.1 ng’kg 4x 10" na
Sediment-pore 0.2 ng’kg 6x 1013 na
water 0.005 ngkg 8x10'° na
Glaciers
Biosphere:
Marine biota 2 nglg 1x 1010 20
Land plants 0.3 ug/g 7x 10! 20
Land animals 0.3 ng/g 6x 10° na
Fresh-water biota 3.5 uglg 7x 10° 4
Soil

Surface-soil litter

and detritus to 1 cm 0.6 ug'g 1x 1012 15,000
Rootsoilto I m 0.2 ug/g 7x 10" 1x10°
Lithosphere— sedimentary rock to 45 km 0.5 pug/g 3x 101 1x10°

a na=notavailable.

https://www.ncbi.nlm.nih.gov/books/NBK233490/
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Cadmium
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Cadmium
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e Oxidative stress
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Cadmium: smnasgiu

Tolerable intake

* Provisional Tolerable Monthly Intake (PTMI): 25 mcg/ kg body weight /month
(FAO/WHO 2021)

* If BW 60 kg, PTMI = 1500 mcg in 30d -> 50 mcg/d

Drinking water

* Maximum Contaminated Level 5 mcg/L (5 ppb)
(US EPA 2024, nsuasupusaii)

* Guideline value 3 mcg/L (WHO 2011)

Polished rice
* 0.4 mg/kg dry weight (PPM) (FAO/WHO)
* 0.2 mg/kg dry weight (PPM) (European and China)

Soil: critical limit of cadmium
* Light textured soils: 5.33 mg/kg
* Medium textured soils: 6.33 mg/kg
* Heavy textured soils: 9.29 mg/kg
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National Institute of Metrology (Thailand)
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Maximum limit of cadmium (European)

< 30% total dry cocoa solids 0.10
30 <50% total dry cocoa solids 0.30
> 50% total dry cocoa solids 0.80
Cocoa powder sold to the final consumer or 0.60

as an ingredient in sweetened cocoa powder

https://www.cbi.eu/market-information/cocoa/buyer-
requirements/?fbclid=IwWAROGB9E4AMN76rTn nXKhBxnVZunl2tJBPBgVyRBAvsDr44hOIJSNACmMmWZ6g



https://www.cbi.eu/market-information/cocoa/buyer-requirements/?fbclid=IwAR0GB9E4Mn76rTn_nXKhBxnVZunI2tJBPBgVyRBAvsDr44h0IJSNACmWZ6g
https://www.cbi.eu/market-information/cocoa/buyer-requirements/?fbclid=IwAR0GB9E4Mn76rTn_nXKhBxnVZunI2tJBPBgVyRBAvsDr44h0IJSNACmWZ6g

Table 4

Cadmium contents in soils affected by industrial activities (Kabir et al., 2012).

Source Cadmium content

Mean (mg/kg) Max (mg/kg)
Mining and metal industry 37.6 289
Fertilizers, chemicals, petroleum production 0.51 2.13
Textiles 42.0 83.6
Leathers 0.63 1.26
Nonmetallic mineral products 25.8 72.0

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147761/



Cadmium: smnasgiu

* ACGIH: PEL 8-h TWA

* Total particulates 0.01 mg/m3
* Respirable fraction 0.002 mg/m3

* NIOSH IDLH: 9 mg/m3

* Biological exposure index

e Cdinurine 5 mcg/gCr
* Cdin blood 5 mcg/L



WAALIIE Jaany | wasdiey Wnuna tanle ® - &
(Cadmium: Cd) & lulmsn3uy AURBE N & - 00
[wenilesoiiuvid donfunIesiiy [ veinse
(Cadmium and (Cadmium in (Not critical)
inorganic urine 5 Hg/g Cr)
compounds)]
won | weaakley @ lulasnsy | unanleanle o - &
fofnsion RHIRENTIR ®0 - 66
(Cadmium in VBIERNTIT
blood 5 pg/L) (Not critical)

. wAaaLled (Cadmium: Cd) (§8)

Uavesunau anstnuldmlumusssued wu lulu
(01aldsu/duifaansiannuvas | Annaven dnlon Shuelds Saity Sadas
suq wenunilennnislasy/ | Sandes uarwdamunsSu wenaniidmy
Husfaannnisusenauendn | lutuaudidnnsednd wumaed Aanssy
Feo1atinavhlsmsanuansiann | wnves Wy Semsannssuussmue s
Tudede9529) FINANIANNLINDUNNSAUFDENIAINTI

Wuaildtseni ez 1l




Cadmium: fisarnmsauiaeaunay

nsgaau cadmium oxide fume nnshiu cadmium salts

* Delay pneumonitis; ® NNFUINUATLNALRLIBINLAURINNT

onset 4-72 h o - o
s L LARABANANNIUAUAINNT L6
* la viau 21ad Muazvunduls

. slmmﬁ'gmm‘qmm?mﬁm ARDS a1ai@eaim * lumenguusell multiorgan failure 1s

Jnanalulasrasannunalansniay
i restrictive or obstructive lung 1»

e Serial Hct, Cr, LFT at least 24 h

e Observe 02 sat at least
e Asx: 8 hthen F/U at 24, 48, 72 h
* Mild Sx: 24 h then F/U at 24,48, 72 h



Fume VS Dust

Fume Dust

* Airborne fine solid particles  Solid particles need not
suspended in the air suspended in the air
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* Aaastanutagianuy restrictive uaz obstructive

* Bone (Osteomalacia): Itai-itai disease nszgnidasa 1o ¥in
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o nAnu@aennaiiunzge Lung (1), Kidney (2A), Prostate (2A)



* Bone pain

* Fracture

* Compression fracture of vertebra
* Bending bone

* Muscle weakness

* Nerve compression
* Vitamin D deficiency associated myopathy
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* ngadnAnisdudagns biological exposure index
(qmwﬁ ANUNINZLA 017 DEINITIRE 48 THN.)

* Blood cadmium
 Urine cadmium

® HINANANINARLIN

* Urine beta2 macroglobulin, Urinalysis, Creatinine, BUN
 CBC
e Pulmonary function test



Table 1. Medical Removal Actions Triggered by Initial Medical Surveillance (1910.1027(1))’

Elevated Levels,

Highly Elevated

Biological Non-Mandatory Levels, Non-Mandatory @ Highly Elevated Levels,
Measurement | Normal Levels Removal Removal Mandatory Removal
Cadmium in
urine (CdU)? =3 =3and=7 =7 =7
Cadmium in
blood (CdB)? =5 =65and=<10 =10 =10
Beta-2 (B,MU)* =300 =300 and = 750 =750 =750
Trigger level All three Any one measurement | Any one measurement = After confirmed follow-
measurements | at an elevated level. at a highly elevated up testing within 90
at normal level. days, either CdU or
levels. CdB remain at a highly
elevated level, or B,MU
remains at a highly
elevated level and either
CdU or CdB is at an
elevated level.
Risk at this Megligible Elevated risk of renal Elevated, and perhaps Highly elevated
level or relatively tubular proteinuria highly elevated, risk of renal tubular
low risk of li.e., above the risk of renal tubular proteinuria.

renal tubular
proteinuria (i.e.,
consistent with
the background
rate among

the general
population).

background level
experienced by the
general population).

proteinuria (i.e., above
the background level
experienced by the
general population).

Risk may not be

abnormal if B,MU is
highly elevated and
CdU and CdB are at

normal levels.®

"This table addresses only medical removal actions specified by the Cadmium standard; other requirements may apply
based on the results of the other medical examinations.

2CdU = CdU pg per grCr

*B,MU = B,MU pg per grCru

*CdB = CdB ug per lwb

®In cases in which the B,MU is highly elevated and CdU and CdB are at normal levels, the physician should check to deter-
mine that the B,MU levels accurately reflect the true B,MU levels. If they do, then the physician must determine the cause of
the highly elevated levels of proteins in urine (e.g., presence of end-stage renal disease or immune-deficiency diseases).

https://www.osha.gov/sites
/default/files/publications/
OSHA_3675.pdf



Table 1. Medical Removal Actions Triggered by Initial Medical Surveillance (1910.1027(1))"

Elevated Levels,

Highly Elevated

Biological Non-Mandatory Levels, Non-Mandatory Highly Elevated Levels,

Measurement @ Normal Levels Removal Removal Mandatory Removal

Cadmium in

urine {CdU})? =3 >3and=7 =7 =7

Cadmium in

blood (CdB)* =5 =5and =10 =10 =10

Beta-2 (B,MU)* =300 > 300 and <750 =750 =750

Trigger level All three Any one measurement | Any one measurement | After confirmed follow-
measurements at an elevated level. at a highly elevated up testing within 90
at normal level. days, either CdU or
levels. CdB remain at a highly

elevated level, or B,MU
remains at a highly
elevated level and either
CdU or CdB is at an
glevated level.

Actions

Provide annual
biological
maonitaring
and biennial
medical
examinations.

Provide semi-annual
biological monitoring
and annual medical
examinations until all
measurements return
to normal levels.

If medically removed
from job: Provide
quarterly biological
maonitoring and
semiannual medical
examinations until
physician decides to
return employee to job
or permanently remove
the employee from job.

If not medically
removed from job:
Provide quarterly
biological monitoring
and semiannual
medical examinations
until all measurements
return to normal
levels.

Mandatory medical
removal required.
Provide quarterly
biological monitoring
and semiannual medical
examinations until
physician decides to
return employee to job
or permanently remove
the employee from job.

ht
/d

tps://www.osha.gov/sites
efault/files/publications/

OSHA_3675.pdf



Any Role of Chelation

* nsnmansdulanewin chelator sine Wmﬁquﬂ?mm cadmium lulasnaz
wirnizillafiuangrusduayuissnadinnisiAisduasidsuulasmanienaiin

W3aAN Urine Cadmlum Tu@vﬂvmq”l,m

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3846962/

* Micromedex:
Tduwziannglef British anti-Lewisite (BAL; Dimercaprol), EDTA, uac
penicillamine wsemlina cadmium-induced renal damage

* Goldfrank Toxicologic Emergency:
Benefit of chelation in cadmium exposure is unproven.
Chelation for chronic cadmium toxicity is not currently recommended.



Clinical Trial > Biometals. 2004 Aug;17(4):435-41. doi: 10.1023/b:biom.0000029440.23884.d6.

Lack of reversal effect of EDTA treatment on
cadmium induced renal dysfunction: a fourteen-year
follow-up

Xunwei Wu ', Suhua Su, Rihong Zhai, Kekuan Chen, Talyi Jin, Bo Huang, Yuanfen Zhou, Xianmin Ge,
Guoming Wei, Ruiqing Liao

* 17 workers with Cd induced renal dysfunction
* Receive periodic EDTA therapy

* The prevalence of renal dysfunction increased during the follow up
period, indicating a progressive renal dysfunction despite removal
from Cd exposure.



Table 1. Mean pre-treatment and post-treatment UCd levels.

Group n  Age Total Cd exposure Years since Mean UCd (ug/g Cr)*  Mean UCd (ug/g Cr)
(year) and duration cessation of of of
range (year) Cd exposure Pre EDTA-treatments Post EDTA-treatments
A 3 512 9.3 5.7 6.7 8.8
(44-60)P (7-12) (0-12) (2-9.8) (2-23.2)
B 5 ol 15.0 10.4 5.8 6.8
(48-75) (10-18) (0-27) (2.2-9.6) (2.6-16)
C 7 58 18.4 5.7 9.9 11.9
(37-71) (12-26) (0-14) (1.8-32) (3.4-35.0)
D 2 71 28 16 15.3 19.9
(70-72) (17-39) (15-17) (4.8-29.0) (4.9-39.5)

4The average level of UCd of pre and post EDTA treatment in 14 year follow-up.

Group A (renal dysfunction recovered);

group B (renal function remained normal);

group C (renal dysfunction developed during follow-up period);
group D (renal function was always abnormal)
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with UCd > 10 pg/g Crin 1986 (W, n = 8).

https://www.researchgate.net/publication/8451010 Lack_of reversal_effect_of EDTA treatment_on_cadmium_indu
ced_renal_dysfunction_A fourteen-year_follow-up



Summary: Cadmium

« Common in environment, food chain, tobacco products
e Acute Cd fume exposure: pneumonitis

* Acute ingestion: Gl bleed and multi organ injury

* Chronic: kidney injury, ltai-itai disease, CA risk

* Stop further exposure is the main management

* Not enough evidence to support chelation
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