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Global Mercury Partnership
Wa s te Ma n a gem en t  Pa r tn er s h ip  Area

 

Date: 16/11/2017
File: 8193

Ms Margo Kozicki,
Impact Assessment Unit, Planning
Department of Environment, Land Water and Planning,
P.O Box 500,
EAST MELBOURNE VIC 8002

FINGERBOARDS MINERAL SAND PROJECT
PRESS RELEASE DATED 14/11/2017

Dear Ms Kozicki,

I have had a number of calls from residents in the Lindenow area asking about the veracity or otherwise of the
claim by KALBAR Resources in the above referenced press release.

On page 6 of the press release, KALBAR attempt to claim that their works is subject to NEPM HIL’s for
residential soils. To bolster their claim they have include a box diagram that clearly state that HIL Level “A”
applies to their on site heavy metals.

This claim by KALBAR would only be valid if Kalbar were proposing to build a residential building or buildings
on the site. Clearly this is not correct. This claim is at best deceptive and misleading. 

As you would no doubt be aware, VIC EPA SEPP 1191 has a statutory expiry date of the 31  of Decemberst

2017.  SEPP 240 expired on 21 December 2011. I hope that you are aware that page 10 of SEPP 1191 states
that “indicators not included in the NPI handbook the latest USEPA AP42 (now called Regional Screening Levels
(RSL’s) should be used”.

KALBAR published some details of heavy metals in their Analysts presentation of May 2017, and I would have
expected that, for the sake of consistency, (in professional circles called document control) Kalbar would have
presented data on the same spectrum of metals that was on page 22 of their Analysts Presentation dated May
2017.

Instead, the Residents are presented with a different schedule of metals that also indicates a number of
previously hidden carcinogens - Arsenic, Cadmium, Lead, Cobalt and Nickel. It is interesting to note that
Vanadium (a carcinogen) that featured at a staggering 0.3% in the May report is not now reported. Vanadium
is a toxic metal of concern in the International community as it has an industrial air maximum level of 0.0015
ug/m  compared to Arsenic which is at 0.0029 ug/m .3 3 

I am looking forward to further revelations of other toxic metals and carcinogens in the Kalbar ore body.
I respectfully suggest that you appoint somebody to your handpicked EES panel that has a global perspective
of heavy metal toxicity.

I would also suggest that you use your DELWP credit card to buy a copy of the key reference work “The
Toxicology of Metals” by Norberg et al. Once you have perused this work you will be in a position to better
understand the massive human health and environmental risk that the Kalbar Resource project represents to
the people of Gippsland and the Coastal Waters.

Yours sincerely

Andrew Helps
UNEP Nominated expert for COP.1/CRP.26
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KALBAR RESOURCES PROPOSED RARE EARTH ELEMENT MINE
LINDENOW VICTORIA

RARE EARTH ELEMENT INDUSTRY HISTORY

1. Reference Documents:

1.1 USEPA Regional Screening Level (RSL) composite Table November 2018.
 

1.2 The Climate Near the Ground Rudolf Geiger 1965

1.3 Handbook of the Toxicology of Metals Volumes 1 and 2 Fourth Edition.
Gunnar F Nordberg et al ISBN 978-0-444-594532-2

1.4 Radioactivity in Selected Mineral Extraction Industries A Literature Review.
USEPA Office of Radiation Programs document ORP/LVF-79-1November 1978

1.5 Evaluation of Guidelines for Exposure to Technologically Enhanced Naturally Occurring
Radioactive Materials. (TENORM Handbook EPA 402-R-05-007) 

1.6 Long Term Water Resource Assessment for Southern Victoria.
No ISBN  Mitchell River Basin pages 50-59

1.7 Wetlands in a Dry Land W.D Williams Environment Australia.
ISBN 0 642 21412X

1.8 Radiation Protection and Radioactive Waste Management in Mining and Mineral Processing
2005 ISBN 0-9752133-9-3 Schedule 1 ARPANSA Dose limits.

1.9 Inquiry into Greenfields Mineral Exploration and Project Development in Victoria
May 2012 ISBN 978-0-9808214-1-3

1.10 Marine Coastal and Estuarine Investigation Final Report August 2000 ISBN 0646 399713  

1.12 Environmental Contaminants in Biota Interpreting Tissue Concentrations. ISBN 978-4200-
8405-4

1.13 Inquiry into Greenfields Mineral Exploration and Project Development in Victoria
ISBN 978-0-980-214-1-3.

1.14 RAMSAR Convention on Wetlands Global Wetland Outlook - State of the Worlds Wetlands
2018.

BACKGROUND DATA

1. Rare Earth Element (REE) mines are not a common type of mine and American data indicates that
globally they represent less than .002 of the global mine cadre.

2. REE mine ore bodies usually have a range of metals in the orebody and unlike normal mines many of
these metals are both toxic and carcinogenic to some degree either in situ or when the metals are
mined from the ore resource. For humans and indeed all mammals the two ingestion pathways are via
inhalation or the consumption of polluted food and water.

3. Demand for REE elements has increased significantly over the last 20 years with the advent of high
technology devices such as mobile phones and computers.

4. The Lindenow ore body was first identified in the gold rush period of the 1880's in the Mitchell River
Valley and at that time the sole focus was on ore bodies containing Gold.

5. During the Second World War (WW2) the Lindenow deposits were again examined with a view to
mining the orebody for its Aluminium, Chromium, Iron, Manganese and Vanadium.

6. Due to the fact that the metallurgical processes were not available at that time to easily fractionise
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this complex type of ore and the fact that many of the metals in the ore body had yet to have
identified uses, the deposits were not exploited to any large extent.

7. However about 30 tons of Lindenow ore was sent to the foundry at the Commonwealth Aircraft
factory Fisherman’s Bend for definitive speciation.

8. The speciation work in the foundry at Fishermans Bend identified some of the metals in the ore but at
the time, apart from curiosity value there was no commercial driver for development of the ore body.

9. In the early to mid part of the 1980's, the computer industry started a significant growth path. As the
design of computer chips became more complex the demand for rare earth metals started to grow
from a very low base.

10. At the forefront of this growth were three American computer companies, IBM, Digital Equipment
Company (DEC) and Hewlett Packard.

11. Much of the development of computer chips was driven by the American Space Industry who were
also a rapidly growing consumer of what are now called rare earth metals.

12. As Industry and the Military started to demand faster computer performance and larger electronic
data storage the limitation of standard copper and valve technology limited the speed at which
computers could operate. 

13. The development of digitized computer control devices in the late 1970's and early 1980's enabled the
development of nuclear power stations and other products such as Digital Radio’s and TV’s, desktop
computers and electronically controlled engines in motor cars.

14. The growing reliance on computer control was not without its risks. The major nuclear accident at
Kiev in Russia in the early 1980's was the result of the Russians developing their own computers
because export of American computers were controlled under the COCOM agreement. 

15. All of this rapid development of technology spurred the demand for rare earth elements to replace
copper, gold and silver in terminal connections in computers, radio’s and TV’s .

16. The communications industry had dramatic growth with the development of hand held two way
radio’s, digital radio, digital data transmission systems and ultimately the phase out of Teleprinters in
the early 1980's.

17. The development of GPS technology was a further driver of the expansion of the market for REE’s
(Rare Earth Elements) which allowed the development of faster smarter electronic products.

18. By the early part of this century, the satellite technology had reached the point where GPS (Global
Positioning Systems) became a commercial over the counter commodity.

19. All this electronic development spurred the need for a significant increase in the Global supply of rare
earth elements (REE’s)

20. Because of the value of REE’s, the recycling of redundant electronic components has become a viable
but highly polluting industry in a number of third world countries.

21. There is an ongoing global concern, based on the pollution impacts of recycling electronic
components which may often only amount to 5% of the weight of an item like a LED TV.

22. There is still no widespread technology that allows commercially profitable recycling of the plastic
components except for the manufacture of low value items such as forklift pallets and bubble wrap.

23. At this time the major supplier of REE elements has been China which produces about 85% of the 17
chemically similar elements that are critical to the production of smart phones camera lenses and
magnet production.

23. The KALBAR ore body is in some respects similar to the ore body at Baotou in China that has been
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subject to much Western World press comment recently.

24. I visited this site in 2002 with a Japanese investment delegation, representatives from the World Bank
(WB), the IFC and MIGA  and provided technical advice to the delegation on the radionuclides in the
ore body and the toxicology of the various metals that were at that stage just starting to be mined.

25. At this time there was some caution within the World Bank Board about what was internally known as
“Robinson Crusoe” type investments within China. Some early multilateral investments in China had
been subject to the development of a “difficult” repayment history.

26. There was a further concern because Russia had just identified a similar resource on the Kamchatka
Peninsular in the far East of the USSR and was seeking soft loans to buy Japanese earth moving
machinery and the various components to build a processing plant. 

27. As the demand for these Rare Earth Elements (REE’s) increased, ore deposits were identified in a
number of regions across the World.

28. The lead time from resource discovery to financial closure, plant construction and production dropped
as more of the specialised mine components became “off the shelf” items.

29. The REE industry is now seen as an uncommon but mature industry that has significant operational
environmental risks.    
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UNEP Global Mercury Partnership
Partnership Areas: Mercury in Gold Mining, Mercury Supply and Storage, DATA FROM ENVIROLAB ANALYSIS 217289-B DEFAULT HAZARD INDEX IS ZERO

Mercury Air Transport and Fate, Mercury in Products. TABLE #1
HI = QTY Chemical +QTY Chemical +QTY Chemical

Author: Andrew Helps  Mobile 0448 500 222 Conversion Factors TDD TDD TDD

File 8288Rev 14.xlsx 4.55PM  2/2/2020 To Convert concentrations in air(at 25
0
C) from PPM to mg/m

3 
= 25/02/2020 Rev 15

KALBAR Resources Lindenow (Vic) Project ( ppm) x (molecular weight of the compound) / (24.45) e.g for Antimony 1 ppm = 4.97 mg/m
3
.) QTY Chemical in mg/kg Note*

TDD in mg/day A Hazard Index in excess of 10 requires investigation and or remediation

Rare Earth/Toxic Element/Compound Calculation Template PDRV - Prioritised Dose Response Value

Revision 12 Rare Earths in Italics ATSDR & ATSDR & PEM M+E KALBAR DATA
HBTOM* Ignition ATSDR USEPA Australia USEPA USEPA Australia Vic EPA Vic EPA ATSDR SPL ATSDR SPL CHRONIC INHALATION Hazard Index

CHEMICAL Specific California ATSDR  Ref Temperature MRL's Residential Residential Resident Resident Resident SEPP 240 SEPP AQM THEORETICAL THEORETICAL USEPA Data Source USEPA USEPA Leach FT Leach CT Leach HM Leach FT Leach CT Leach HM

ELEMENTS/COMPOUNDS: Gravity Rated as Rank Pages (Dust 
0
C) Chronic Soil Soil Air Tapwater Tapwater Air Pub 1191 Daily Dose Daily Dose PDRV* PDRV* PDRV* Sludge Soil Soil Sludge Soil Soil

mg/kg - ug/kg Carcinogen mg/kg/day mg/kg mg/kg Carcinogenic mg/L ug/L ug/m
3

ug/m
3

TDD (mg/day) TDD (ug/day) Non Cancer Cancer Cancer mg/kg mg/kg mg/kg (TDD)

(HIL A) Target Risk (Fit 70kg male) (Fit 70kg male)

ug/m
3

micrograms

1 Aluminium (Al) 2.70 g/cm
3

Carcinogen 183 549-560 650 1 7700 0.52 2000 10.323 10323 Neurological ATSDR 4500 260 260 435.9 25.2 25.2

2 Antimony (Sb) 6.69 g/cm
3

Carcinogen 232 565-572 420 0.0003 3.1 0.021 0.78 3 17 0.103992 103.992 0.2ug/m
3

IRIS IARC 2B 0.2ug/m
3

0.2 <0.5 <0.5 0.50

3 Arsenic 5.73 g/cm
3

Carcinogen 1 582-610 815 0.0003 0.68 100 0.00065 0.052 10 71.278 0.003 0.071278 71.278 0.015ug/m
3

Cal IARC 1 0.015ug/m
3

0.0043ug/m
3

35 4.40 11.00 491.00 61.7 154.3

4 Arsine (gaseous AsH3) 2.769 g/cm
3

Carcinogen 1 615 285 0.027 0.005 0.007 0.05 ug/m
3

IARC 1 0.0043ug/m
3

0.0043

5 Barium 3.51 g/cm
3

134 625-633 725 1500 0.00108 0.51499 17 0.61652 616.52 28.00 5.80 32 45.4 9.4 51.9

6 Beryllium 1.85 g/cm
3

Carcinogen 43 636-651 1278 0.002 2.64 60 0.00000 2.50 60.0 0.007 0.0078 7.8 0.01 ug/m
3

IRIS IARC 1 0.0024ug/m
3

0.0024 <0.5 <0.5 <1

7 Bismuth (Bi) 9.72 g/cm
3

655-663 271.3 <1 <1 <1

8 Cadmium (Cd) 8.65 g/cm
3

Carcinogen 7 668-708 1040 0.0001 7.1 20 0.0016 0.92 2 0.033 0.045127 45.127 0.01 ug/m3 ATSDR 0.0018ug/m
3

0.0018 <0.1 <01. <0.1

9 Calcium(Ca) 1.55 g/cm
3  

842 5.892442 103.777 195.6125 195612.5 380 44 170 1.94 0.22 0.87

10 Ceric Oxide (Cerium)Ce0 2 6.71 g/cm
3

Suspected 570 101-102 3500 1 mSv/yr 0.094

11 Chromium  compounds (Cr) 7.19 g/cm
3

Carcinogen 66 717-739 580 0.0009 0.00001 17 0.00263 2.63 81 10 58 30798 3802 22053

14 Cobalt  (Co) 8.85 g/cm
3

Carcinogen 52 743-759 760 1 mSv/yr 2.3 100 0.000031 0.6 0.67523 675.23 0.1 ug/m
3

ATSDR 1.7 <0.5 <1

15 Copper (Cu) 8.94 g/m
3

125 765-782 900 0.01 310 6000 80 2000 33 0.47242 472.42 17.00 1.80 12 36 4 25

16 Dysprosium  Dy20 3 8.53 g/m
3

Suspected 2567

17 Erbium  Er20 3 9.04 g/m
3

Suspected 1529

18 Europium Eu0 3 5.25 g/cm
3

Suspected 575 1800

19 Gadollinium  Gd2p0 3 7.87 g/cm
3

Suspected 3545

20 Gallium (III) 5.92 g/cm
3

787-795 302 0.000007 0.00011 6 60 1 10 23 60000.00 10000.00 209090.91

21 Germanium 800-813

22 Holmium  Ho20 3 8.80 g/m
3

Suspected 1474

23 Iron 7.87 g/cm
3

95-97 420 32919 0.01626 11.29 18.118 12000.00 1300.00 5000

24 Lanthanum La 2 0 3 6.17 g/m
3

Suspected 711 903-908 920 0.00018 0.000268 0.002682 2.682 49 00 11 00 300 18270 4101 111857

25 Lead (Pb) 11.34 g/cm
3

Carcinogen 2 129-131 710 400 300 15 10 3 0.330938 330.938 0.15 ug/m
3

OAQPS 10 1.9 18 30 6 54

26 Lithium Oxide Li 2 0 0.53 g/cm
3

Suspected 344 969-974 2600 104.51 0.3835 0.404424 ATSDR 2 00 1 00 1 00 5 2 2

27 Lutetium Lu20 3 9.84 g/cm
3

Suspected 1936

28 Magnesium 3.58 g/cm
3

520 6317.87 0.0907 33.3369 35.96134 35961.34

29 Manganese 7.47 g/cm
3

140 975-1005 1246 0.3 ug/m3 180 3800 0.05 43 500 1.61855 1618.55 0.03 ug/m
3

ATSDR 23 6 44 14 4 27

30 Mercury 13.55 g/cm
3

Suspected 3 1014-1064 to gas @10
0
C 0.0002 mg/m3 0.94 40 0.063 1 3.3 0.051981 51.981 0.3ug/m

3
IRIS 0.02 0.01 <0.01 0.4 0.19

31 Methyl Mercury 215.63g/mol Suspected 120 448-450 within organics 0.0003 0.78 0.2 0.1 ug/m
3

IRIS 0.1 ug/m
3

0.1

32 Molybdenum 10.22 g/cm
3

326 1077-1107 720 39 10 50 0.2412 241.2 0.2ug/m
3

IARC 2B 1.2 0.50 1 5 2.1 5.0

33 Nickel 8.90 g/cm
3

Carcinogen 57 1091-1107 950+ 0.00009 mg/m3 84 400 20 20 0.33 0.38969 389.69 0.09 ug/m
3

ATSDR/CAL 0.00024 ug/m
3

0.00024 4 0.7 3.1 10.3 1.8 8

34 Neodymium Nd 2 O 3 7.00 g/cm
3

Suspected 1021

35 Palladium 12.99 g/cm
3

Suspected 173 1113-1121 2963 0.012000 0.00018 0.18000

36 Platinum 1125-1138

37 Praseodymium Pro 6 6.78 g/cm
3

Suspected 3512

38 Rhodium 1143-1171

40 Rubidium 1.63 g/cm
3

Suspected 711 0.00001 0.000091 0.000000091

41 Samarium  SmO 3 7.54 g/cm
3

Suspected

42 Scandium Sc2O 3 2.99 g/cm
3

Suspected 584

43 Selenium 4.50 g/cm
3

Suspected 146 1176-1203 950+ 0.005 mh/kg/day 5.36 200 0.00002 0.03657 10 0.03778 37.78 20 ug/m
3

CAL 0.3 <0.1 0.4 7.94 10.59

44 Silica PM  Faction) 2.33 g/cm
3

Carcinogen 102 780 430000 0.31 3 Annual av

45 Sulphur (%) 2.067 g/cm
3

392 0.00122 0.01829

46 Strontium SrO (Stable) 2.64 g/cm
3

Carcinogen 455 768.85 2 mg/kg/day 8 1 4

47 Tellurium 6.24 g/cm
3

Carcinogen 1218-1226 449.51 0.00003 0.00039

48 Terbium  Tb40 7 8.27 g/cm
3

Suspected 1356

49 Thallium 11.86 g/cm
3

Suspected 279 1229-1238 303 6.0646 0.00007 0.01355 0.01579 <0.5 <0.5 <0.5

50 Thorium 227 11.73 g/cm
3

Carcinogen 227 270 IARC I 0.000185 pCi/m 9.8 1.0 120

51 Thulium  Tm2O 3 9.33 g/cm
3

Suspected 1950

52 Titanium 4.54 g/cm
3

Carcinogen 310 1287-1294 460 0.0001 mg/m3 14000 0.021 2.271688 2271.688 0.01 ug/m
3

ATSDR Respiratory 230 100 350 101.25 44.02 154.07

54 Tin 7.29 g/cm
3

307 1242-1276 630 0.3 mg/kg/day 4700 1200 1200 0.09981 99.81 1.7 <0.5 1.7 17.03 17.03

55 Tungsten 19.25 g/cm
3

1297-1305 950 <1 <1 <1

56 Uranium 234 19.05 g/cm
3

Carcinogen 97 1308-1338 20 0.00004 mg/m3 3 0.4 9

57 Vanadium (86%)) 6.10 g/cm
3

Carcinogen 200 1348-1364 500 0.0001 mg/m3 39 8.6 0.123043 123.043 CAL 0.00034 130 17 83 1056.54 138.16 674.56

58 Ytterbium  Yb2O 3 6.95 g/cm
3

Suspected 581

59 Yttrium Y2O 3 4.47 g/cm
3

Suspected 711 0.104881 0.0000006 0.000118 0.118

60 Zinc 7.14 g/cm
3

75 1369-1382 600 0.3 mg/kg/day 2300 7400 600 33 1.96084 1960.84 16 2.3 11 8.16 1.17 5.61

61 Zirconium 6.51 g/cm
3

Carcinogen 701 20 0.63 0.16 0.000022 0.00032 0.32 14 2.0 2.0 43750.0 6250.00 6250.00

62 Hydrogen Cyanide 0.69g/cm
3

Reproductive 35 0.27 250 0.15 80 170 9* 1.3058 1305.8

PM10 50ug/m
3

24 hour av

PM2.5 Carcinogen 25ug/m
3

24 hour av 8ug/m
3

Annual Average

Radionuclides (Uranium) 18.7 g/cm
3

Carcinogen 102 >00001ug/m
3

0.000185 pCi/m Totals 155085 24453 350467

(As low as reasonably achievable ???) (ALARA) Total REE Package Mg/kg 89.40 17.10 450.00

Note 1  USEPA Residential level  Average fit healthy 70 kg male inhales  50.4 m3 a day Mg/ton 89400 17100 450000

Gm/ton 89.40 17.10 450.00

HBTOM - Handbook of the toxicology of Metals - Nordberg et al Fourth Edition REE Package Price ($US Kg) $23.50

ATSDR Minimum Risk Levels (MRLs December 2019 $US Gm $0.0235 $2.10 $0.40 $10.58



UNEP Global Mercury Partnership
Partnership Areas: Mercury in Gold Mining, Mercury Supply and Storage, DATA  From Envirolab Analysis #22941  dated 16/10/2020 

Mercury Air Transport and Fate, Mercury in Products.

HI = +QTY Chemical

Author: Andrew Helps  Mobile 0448 500 222 Conversion Factors TDD

To Convert concentrations in air(at 25
0
C) from PPM to mg/m

3 
= 18/10/2020

KALBAR Resources Lindenow (Vic) Project ( ppm) x (molecular weight of the compound) / (24.45) e.g for Antimony 1 ppm = 4.97 mg/m
3
.) Note*

A Hazard Index in excess of 10 requires investigation and or remediation

Rare Earth/Toxic Element/Compound Calculation Template Lindenow Testing  on 13/10/2020 PDRV - Prioritised Dose Response Value 13/10/2020 13/10/2020 13/10/2020 13/10/2020 13/10/2020 13/10/2020

Revision 29 Rare Earths in Italics ATSDR & ATSDR & Water Water Sand Sand Sand Sand

20th October 2020 HBTOM* Ignition Solubility ATSDR Australia USEPA USEPA Australia ATSDR SPL CHRONIC INHALATION L-25 L-28 L26 L27 L29 L30

CHEMICAL Specific Metal Formula California ATSDR  Ref Temperature in 100 parts MRL's Residential Resident Resident Resident THEORETICAL USEPA Data Source USEPA USEPA ug/L ug/L ug/L ug/L ug/L ug/L

ELEMENTS/COMPOUNDS: Gravity Group Weight Rated as Rank Pages (Dust 
0
C) Cold Water Chronic Soil Air Tapwater Tapwater Daily Dose PDRV* PDRV* PDRV*

mg/kg - ug/kg (Molecular Carcinogen Formular mg/kg/day mg/kg Carcinogenic mg/L ug/L TDD (mg/day) Non Cancer Cancer Cancer

Weight) Dependent (HIL A) Target Risk (Fit 70kg male)

D= Dissolves ug/m
3

micrograms

1 Aluminium (Al) 2.70 g/cm
3

Group  13 26.97 Carcinogen 183 549-560 650 i 1 0.52 2000 10.323 Neurological ATSDR 12000 43000 13000 4700 28000 14000

2 Antimony (Sb) 6.69 g/cm
3

Group 15 121.76 Carcinogen 232 565-572 420 i 0.0003 0.021 0.78 3 0.103992 0.2ug/m
3

IRIS IARC 2B 0.2ug/m
3

0.2 <1 <1 <7 <7 <7 <7

3 Arsenic (see note 1) 5.73 g/cm
3

Group 15 299.64 Carcinogen 1 582-610 815 i 0.0003 100 0.00065 0.052 10 0.071278 0.015ug/m
3

Cal IARC 1 0.015ug/m
3

0.0043ug/m
3

3 4.00 5.00 <4 8.00 4.00

4 Boron 2.47 g/cm
3

Group 13 2.1 400 30 60.00 <3 <3 15.00 <3

5 Arsine (gaseous AsH3) 2.769 g/cm
3

Group 15 77.93 Carcinogen 1 615 285 20cc 0.005 0.007 0.05 ug/m
3

IARC 1 0.0043ug/m
3

0.0043 ? ? ? ?

6 Barium 3.51 g/cm
3

Group 2 137.36 134 625-633 725 D 0.2 0.00108 0.51499 0.61652 37.00 150.00 18 15.0 58.0 22.0

7 Beryllium (glucinum) 1.85 g/cm
3

Group 4 9.02 Carcinogen 43 636-651 1278 i 0.002 60 0.00000 2.50 60.0 0.0078 0.01 ug/m
3

IRIS IARC 1 0.0024ug/m
3

0.0024 <0.5 3.00 <1 <1 <1 <1

8 Bismuth (Bi) 9.72 g/cm
3

Group 4 209.00 655-663 271.3 i <1 <1 <1 <1 <1 <1

9 Cadmium (Cd) 8.65 g/cm
3

Group 12 112.41 Carcinogen 7 668-708 1040 i 0.0005 20 0.00001 0.92 2 0.045127 0.01 ug/m3 ATSDR 0.0018ug/m
3

0.0018 <0.2 <0.2 <0.4 <0.4 <0.8 <0.4

11 Ceric Oxide (Cerium)Ce02 6.71 g/cm
3

Group 3 172.13 Suspected 570 101-102 3500 i 1 mSv/yr 0.094 14.00 66.00

14 Chromium  compounds (Cr) 7.19 g/cm
3

Group 6 52.01 Carcinogen 66 717-739 580 i 0.0009 0.00001 0.00263 11 48

15 Cobalt  (Co) 8.85 g/cm
3

Group 9 58.94 Carcinogen 52 743-759 760 i 1 mSv/yr 100 0.000031 0.6 0.67523 0.1 ug/m
3

ATSDR 1.0 6.00 2.00 1.00 8.00 3

Caesium <1 2.00 1.00 1.00 1.00 1.00

16 Copper (Cu) 8.94 g/m
3

Group 11 63.57 125 765-782 900 i 0.01 6000 80 2000 0.47242 <2 5.00 <1 <1 570 <1

17 Dysprosium  Dy20 3 8.53 g/m
3

Group 3 162.5 Suspected 2567 i

18 Erbium  Er20 3 9.04 g/m
3

Group 12 167.26 Suspected 1529 i

19 Europium Eu0 3 5.25 g/cm
3

Group 3 151.96 Suspected 575 1800 i

20 Gadollinium  Gd2p0 3 7.87 g/cm
3

Group 3 157.25 Suspected 3545 i

21 Gallium 5.91 g/cm
3

Group 13 69.72 Carcinogen 787-797 29.78 0.00001 0.00011 4.00 2 13 6.00

22 Germanium 5.32 g/cm
3

Group 14 72.63 800-813 i

23 Holmium  Ho20 3 8.80 g/m
3

Group 12 164.93 Suspected 1474 i

24 Iron 7.87 g/cm
3

Group  8 55.85 878-902 420 i 0.01626 11.29 18.07 8100.00 30000.00 30000 12000 37000 26000

25 Lanthanum -138 6.17 g/m
3

Group 3 138.92 Suspected 711 903-908 920 i 0.00018 0.000268 0.002682 9.00 43.00 16 9 27 15

26 Lead - not 210 (Pb) 11.34 g/cm
3

Group 14 430.42 Carcinogen 2 129-131 710 i 300 15 10 0.330938 0.15 ug/m
3

OAQPS 6 30.0 10 4 29 11

27 Lithium Oxide Li 2 O 0.53 g/cm
3

Group 1 29.88 Suspected 335 969-974 2600 to Li0H 0.404424 0.3835 0.404424 ATSDR 3.00 15.00 4 1 11 5

28 Lutetium -176 9.84 g/cm
3

Group 3 174.99 Suspected 1936 i

29 Magnesium 3.58 g/cm
3

Group 2 24.32 520 i 0.0907 33.3369 35.96134

30 Manganese 7.47 g/cm
3

Group 6 54.93 140 975-1005 1246 D 0.3 ug/m3 3800 0.05 43 500 1.61855 0.03 ug/m
3

ATSDR 120 93 33 10 190 31

31 Mercury 13.55 g/cm
3

Group 12 200.61 Suspected 3 1014-1064 to gas @10
0
C i 0.0002 mg/m3 40 0.063 1 0.051981 0.3ug/m

3
IRIS <0.05 <0.05 <0.1 <0.1 <0.1 <0.1

32 Methyl Mercury 215.63g/mol Group 12 417.22 Suspected 120 448-450 within organics i 0.0003 0.2 0.1 ug/m
3

IRIS 0.1 ug/m
3

0.1

33 Molybdenum 10.22 g/cm
3

Group 6 95.95 326 1077-1107 720 i 0.00004 mg/m
3

10 50 0.2412 0.2ug/m
3

IARC 2B <1 <1 <1 <1 <1 <1

34 Nickel 8.90 g/cm
3

Group 10 58.69 Carcinogen 57 1091-1107 950+ i 0.00009 mg/m
3

400 20 20 0.38969 0.09 ug/m
3

ATSDR/CAL 0.00024 ug/m
3

0.00024 4 12.0 4.0 1 15 4

35 Neodymium 144 7.00 g/cm
3

Group 3 144.27 Suspected 1021 D 2.70 2.40

36 Palladium 12.99 g/cm
3

Group 10 106.7 Suspected 173 1113-1121 2963 i 0.012000 0.00018

37 Platinum 21.45 g/cm
3

Group 10 195.23 1125-1138 i

38 Praseodymium Pro 6 6.78 g/cm
3

Group 3 140.92 Suspected 3512 D

40 Radium  222 , 226  or 228 5.5 g/cm
3

Group 2 226.05 Carcinogen 1500 i 5pCi total combined per litre of water

41 Radium Bromide 5.79 g/cm
3

Group 2 385.88

42 Rhodium 8.85 g/cm
3

Group 9 102.91 1143-1171 i

43 Rubidium 1.63 g/cm
3

Group1 85.48 Suspected 711 D 0.00001 0.000091 8.00 31.00

44 Samarium  147 (Chloride) 7.54 g/cm
3

Group 3 150.43 Suspected NKSe  EPA Doc  EPA/690/R-09/050F

45 Scandium Sc2O 3 2.99 g/cm
3

Group 3 45.1 Suspected 584 NK <1 8.00

46 Selenium 4.50 g/cm
3

Group 16 631.68 Suspected 146 1176-1203 950+ i 0.005 mh/kg/day 200 0.00002 0.03657 10 0.03778 20 ug/m
3

CAL <1 5.00 <2 <2 <2 <2

47 Silica PM  Faction) 2.33 g/cm
3

Group 14 60.06 Carcinogen 102 780 i 0.31 Annual av

48 Sulphur (%) 2.067 g/cm
3

Group 16 32.06 392 i 0.00122 0.01829

49 Strontium SrO (Stable) 2.64 g/cm
3

Group 2 87.63 Carcinogen 455 768.85 D 2 mg/kg/day 28 69 5 2 31 4

50 Tellurium 6.24 g/cm
3

Group 16 127.61 Carcinogen 1218-1226 449.51 i 0.00003 0.00039 <0.5 <0.5 <1 <1 <1 <1

51 Terbium  Tb40 7 8.27 g/cm
3

Group 3 159.2 Suspected 1356 NK

52 Thallium 11.86 g/cm
3

Group 13 204.39 Suspected 279 1229-1238 303 i 0.00007 0.01355 0.01579 <1 <1 <2 <2 <2 <2

54 Thorium 229 11.73 g/cm
3

Group 3 232.12 Carcinogen 227 270 i IARC I 0.000185 pCi/m 1.0 5.0 6 3 5 6

55 Thulium  Tm2O 3 9.33 g/cm
3

Group 12 169.4 Suspected 1950 i

56 Titanium 4.54 g/cm
3

Group 4 47.9 Carcinogen 310 1287-1294 460 i 0.0001 mg/m3 0.021 2.271688 0.01 ug/m
3

ATSDR Respiratory 110 76

57 Tin 7.29 g/cm
3

Group 14 118.7 307 1242-1276 630 i 0.3 mg/kg/day 1200 1200 0.09981 2.0 <1

58 Tungsten 19.25 g/cm
3

Group 6 183.92 1297-1305 950 i <1 <1

59 Uranium 234 19.05 g/cm
3

Group 7 238.07 Carcinogen 97 1308-1338 20 i 0.00004 mg/m3 0.6 3.5 <1 <1 2 1

60 Vanadium (86%) 6.10 g/cm
3

Group 5 50.95 Carcinogen 200 1348-1364 500 i 0.0001 mg/m3 8.6 0.123043 CAL 0.00034 13 53 50 28 62 54

61 Ytterbium  Yb2O 3 6.95 g/cm
3

Group 3 173.04 Suspected 581 NK

62 Yttrium Y2O 3 4.47 g/cm
3

Group 3 88.92 Suspected 711 D 0.0000006 0.000118 6.70 33.00 7.60 4.8 15 7.8

63 Zinc 7.14 g/cm
3

Group 12 65.38 75 1369-1382 600 i 0.3 mg/kg/day 7400 600 1.96084 9 25.0 4 1 280 3

64 Zirconium 6.51 g/cm
3

Group 4 91.22 Carcinogen 701 20 i 0.16 0.000022 0.00032

65 Hydrogen Cyanide 0.69g/cm
3

179.16 Reproductive 35 NK 250 0.15 80 1.3058

66 PM10 Particle ICPMS Analysis 24 hour av

67 PM2.5 Carcinogen Particle ICPMS Analysis 24 hour av Annual Average

Radionuclides (Uranium) 18.7 g/cm
3

Group 3 238.03 Carcinogen 102 1307-1345 i 0.000185 pCi/m

Note 1  USEPA Residential level  Average fit healthy 70 kg male inhales  50.4 m3 a day 

HBTOM - Handbook of the toxicology of Metals - Nordberg et al Fourth Edition

ATSDR Minimum Risk Levels (MRLs December 2019
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Client Reference: F01-11 Lindenow

Determination of various metals by ICP-MS. Metals-022 ICP-MS

Determination of Mercury by Cold Vapour AAS. Metals-021 CV-AAS

Determination of Mercury by Cold Vapour AAS. Metals-021 CV-AAS

Determination of various metals by ICP-AES. Metals-020 ICP-AES

Moisture content determined by heating at 105 deg C for a minimum of 12 hours.
 

Inorg-008

Methodology SummaryMethod ID
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Client Reference: F01-11 Lindenow

Not ReportedNR

National Environmental Protection MeasureNEPM

Not specifiedNS

Laboratory Control SampleLCS

Relative Percent DifferenceRPD

Greater than>

Less than<

Practical Quantitation LimitPQL

Insufficient sample for this testINS

Test not requiredNA

Not testedNT

Result Definitions

Envirolab Reference: 22941

R01Revision No:
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Client Reference: F01-11 Lindenow

Guideline limits for Rinse Water Quality reported as per analytical requirements and specifications of AS 4187, Amdt 2 2019, Table
7.2

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available).
Limit provided for Nickel is a precautionary guideline as per Position Paper prepared by AIOH Exposure Standards Committee,
2016.

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC
2011.

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which
are similar to the analyte of interest, however are not expected to be found in real samples.

Surrogate Spike

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified
with analytes representative of the analyte class. It is simply a check sample.

LCS (Laboratory
Control Sample)

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike
is to monitor the performance of the analytical method used and to determine whether matrix interferences
exist.

Matrix Spike

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected
should be one where the analyte concentration is easily measurable.

Duplicate

This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for
samples.

Blank

Quality Control Definitions

Samples for Microbiological analysis (not Amoeba forms) received outside of the 2-8°C temperature range do not meet the ideal
cooling conditions as stated in AS2031-2012.

Analysis of aqueous samples typically involves the extraction/digestion and/or analysis of the liquid phase only (i.e. NOT any settled
sediment phase but inclusive of suspended particles if present), unless stipulated on the Envirolab COC and/or by correspondence.
Notable exceptions include certain Physical Tests (pH/EC/BOD/COD/Apparent Colour etc.), Solids testing, total recoverable metals
and PFAS where solids are included by default.

Measurement Uncertainty estimates are available for most tests upon request.

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where
recommended technical holding times may have been breached.

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as
practicable.

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols.

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals (not SPOCAS); 60-140% for
organics/SPOCAS (+/-50% surrogates) and 10-140% for labile SVOCs (including labile surrogates), ultra trace organics and
speciated phenols is acceptable.

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the
estimated measurement uncertainty will statistically increase.

For VOCs in water samples, three vials are required for duplicate or spike analysis.

Spikes for Physical and Aggregate Tests are not applicable.

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample
extraction.

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for
the batch were within the laboratory acceptance criteria.

Laboratory Acceptance Criteria

Envirolab Reference: 22941

R01Revision No:
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Client Reference: F01-11 Lindenow

METALS: The PQL has been raised for Cadmium & Copper due to the sample matrix requiring dilution.
 
 PQL has been raised for Cadmium due to the high moisture content in the sample, resulting in a high dilution factor.

Report Comments
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8279 Rev C A Presumed Grab Sample of 1000kg Dec 17 Is this processed or a Grab Sample?

ATSDR % at Fingerboards Air TDD

TOTAL REOs TDD Toxicity Status Mgm3 Mg/day

Heavy Non-magnetic Less abundant Europium EuO3 0.08 Rapidly Oxidises in air

Heavy Non-magnetic Less abundant Ytterbium Yb2O3 1.00 Safe and stable

Heavy Magnetic Less abundant Terbium Tb4O7 0.21 Reacts with water to create Hydrogen Flamable Moderately toxic

Light Non-magnetic Abundant Lanthanum La2O3 8.72 Used to treat high blood pressure by Chewing it

Heavy Magnetic Less abundant Dysprosium Dy2O3 1.60 Low toxicity

Light Magnetic Abundant Praseodymium Pr6O 2.18 Moderately Toxic - bioaccumulates in the liver - eye irritant

Heavy Non-magnetic Less abundant Gadolinium Gd2O3 1.35 Used as Xray contrast is viewed as mildly toxic

Light Magnetic Abundant Neodymium Nd2O3 7.73 Can Cause lung Embolisms and damages the liver

Light Non-magnetic Abundant Cerium Ce2O3 19.36 Moderately toxic - lung Irritant and eye irritant 0.094000 ug/m3

Light Non-magnetic Abundant Samarium SmO3 1.50 Not known to be toxic

Heavy Non-magnetic Less abundant Holmium Ho2O3 0.36 Emits toxic fumes under fire conditions

Heavy Non-magnetic Less abundant Erbium Er2O3 1.16 Highly toxic fire and explosion hazard

Heavy Non-magnetic Less abundant Thulium Tm2O3 0.18 Not known to be toxic

Heavy Non-magnetic Less abundant Lutium Lu2O3 0.20 Corrodes in damp air

Heavy Non-magnetic Less abundant Yttrium Y2O3 8.40 Reacts with water to produc Hydrogen gas - fire risk 0.0000065 0.00012

Heavy Non-magnetic Less abundant Scandium Sc2O3 ? Bioaccumulative

Promethium - radioactive 54.03

Other REO Air

Titanium 0.0000809 mg/day

Lithium 0.40442 mg/day 54.03

Palladium 0.0000120



CHEMICAL NAME CAS NO.

HAP 

NO.

IARC 

WOE mg/m3 SOURCE

EPA 

WOE 1/(µg/m3)

EPA 

MOA SOURCE mg/kg-d SOURCE

EPA 

WOE 1/(mg/kg-d)

EPA 

MOA SOURCE

Acetaldehyde 75-07-0 1 1 0.009 IRIS B2 0.0000022 IRIS

Acetamide 60-35-5 2 2B 0.00002 CAL

Acetonitrile 75-05-8 3 0.06 IRIS InI

Acetophenone 98-86-2 4 D

Acrolein 107-02-8 6 3 0.00035 CAL InI

Acrylamide 79-06-1 7 2A 0.006 IRIS LH 0.0001 M IRIS

Acrylic acid 79-10-7 8 3 0.001 IRIS

Acrylonitrile 107-13-1 9 2B 0.002 IRIS B1 0.000068 IRIS

Allyl chloride 107-05-1 10 3 0.001 IRIS C 0.000006 CAL

Aniline 62-53-3 12 3 0.001 IRIS B2 0.0000016 CAL

Antimony trioxide 1309-64-4 173 2B 0.0002 IRIS

Arsenic compounds 7440-38-2 174 1 0.000015 CAL A 0.0043 IRIS

Arsine 7784-42-1 174 0.00005 IRIS

Benzene 71-43-2 15 1 0.03 IRIS CH 0.0000078 IRIS

Benzidine 92-87-5 16 1 0.01 P-CAL A 0.067 M IRIS

Benzotrichloride 98-07-7 17 2A B2

Benzyl chloride 100-44-7 18 2A B2 0.000049 CAL

Beryllium compounds 7440-41-7 175 1 0.00002 IRIS LH 0.0024 IRIS

Biphenyl 92-52-4 19 SE

Bis(2-ethylhexyl)phthalate 117-81-7 20 2B 0.01 P-CAL B2 0.0000024 CAL

Bis(chloromethyl)ether 542-88-1 21 1 A 0.062 IRIS

Bromoform 75-25-2 22 3 B2 0.0000011 IRIS

1,3-Butadiene 106-99-0 23 1 0.002 IRIS CH 0.00003 IRIS

Cadmium compounds 7440-43-9 176 1 0.00001 ATSDR B1 0.0018 IRIS 0.0005 IRIS B1

Captan 133-06-2 26 3 B2

Carbaryl 63-25-2 27 3

Carbon disulfide 75-15-0 28 0.7 IRIS

Carbon tetrachloride 56-23-5 29 2B 0.1 IRIS LH 0.000006 IRIS

Chlordane 57-74-9 33 2B 0.0007 IRIS LH 0.0001 IRIS 0.0005 IRIS LH 0.35 IRIS

Chlorine 7782-50-5 34 0.00015 ATSDR

Date: 6/18/2018 Revisions since 5/9/2014 are shown in red.

CANCER

Table 1.  Prioritized Chronic Dose-Response Values.

CAS NO. = Chemical Abstracts Services number for the compound.  

HAP NO. = Position of the compound on the HAP list in the Clean Air Act (112[b][2]).  

"999" denotes substances under consideration for listing.

Sources: IRIS = Integrated Risk Information System; ATSDR = US Agency for Toxic 

Substances and Disease Registry; CAL = California EPA; P-CAL = Proposed CAL; 

HEAST = EPA Health Effects Assessment Summary Tables; EPA-OAQPS = EPA 

Office of Air Quality Planning and Standards; EPA-ORD = EPA Office of Research 

and Development (preferred consensus values not yet on IRIS, or superseding 

values on IRIS)

IARC WOE = weight of 

evidence for 

carcinogenicity in 

humans (1 = 

carcinogenic; 2A = 

probably carcinogenic; 

2B = possibly 

carcinogenic; 3 = not 

classifiable; 4 = 

probably not 

carcinogenic).

EPA WOE (2005 Guidelines) = weight of evidence for 

carcinogenicity under 2005 EPA cancer guidelines (CH = 

carcinogenic to humans; LH = likely to be carcinogenic; SE = 

suggestive evidence of carcinogenic potential; InI = inadequate 

information to assess carcinogenic potential; NH = not likely to 

be carcinogenic).

EPA MOA (2005 Guidelines) = mode of action for 

carcinogenicity. M = mutagenic and early life data lacking;       
m-rpf = relative potency factors were used to derive unit risk 

values based on the cancer risk of benzo[a]pyrene as the index 

chemical. In both cases, age-dependent adjustment factors 

should be applied when assessing risk for ages younger than 16 

years per 2005 Supplemental Guidance; see Table1 notes.

EPA WOE (1986 Guidelines) = weight of 

evidence for carcinogenicity under the 

1986 EPA cancer guidelines (A = human 

carcinogen; B1 = probable carcinogen, 

limited human evidence; B2 = probable 

carcinogen, sufficient evidence in 

animals; C = possible human carcinogen; 

D = not classifiable; E = evidence of 

noncarcinogenicity). 

Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER
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CHEMICAL NAME CAS NO.

HAP 

NO.

IARC 

WOE mg/m3 SOURCE

EPA 

WOE 1/(µg/m3)

EPA 

MOA SOURCE mg/kg-d SOURCE

EPA 

WOE 1/(mg/kg-d)

EPA 

MOA SOURCE

CANCER

Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER

2-Chloroacetophenone 532-27-4 36 0.00003 IRIS

Chlorobenzene 108-90-7 37 1 CAL D

Chlorobenzilate 510-15-6 38 3 B2 0.000078 HEAST

Chloroform 67-66-3 39 2B 0.098 ATSDR LH

Chloroprene 126-99-8 41 2B 0.02 IRIS LH 0.0003 M IRIS

Chromium (III) compounds 16065-83-1 177 3 InI

Chromium (VI) compounds 18540-29-9 177 1 0.0001 IRIS CH 0.012 IRIS

Chromium (VI) trioxide, chromic acid mist 11115-74-5 177 1 0.000008 IRIS

Cobalt compounds 7440-48-4 178 2B 0.0001 ATSDR

Coke Oven Emissions 8007-45-2 179 1 A 0.00062 M IRIS

m-Cresol 108-39-4 44 C

o-Cresol 95-48-7 43 C

p-Cresol 106-44-5 45 C

Cresols (mixed) 1319-77-3 42 0.6 CAL C

Cumene 98-82-8 46 2B 0.4 IRIS InI

Cyanazine 21725-46-2 180 C

Cyanide compounds 57-12-5 180 D

Acetone cyanohydrin 75-86-5 180 0.01 HEAST

Cyanogen 460-19-5 180 0.0008 IRIS InI

Hydrogen cyanide 74-90-8 180 0.0008 IRIS InI

Potassium cyanide 151-50-8 180 0.0008 IRIS InI

Potassium silver cyanide 506-61-6 180 0.0008 IRIS InI

Sodium cyanide 143-33-9 180 0.0008 IRIS InI

2,4-D, salts and esters 94-75-7 47 2B

DDE 72-55-9 48 B2 B2 0.34 IRIS

1,2-Dibromo-3-chloropropane 96-12-8 51 2B 0.0002 IRIS B2 0.002 CAL

Dibutylphthalate 84-74-2 52 D

p-Dichlorobenzene 106-46-7 53 2B 0.8 IRIS C 0.000011 CAL

3,3'-Dichlorobenzidine 91-94-1 54 2B B2 0.00034 CAL

Dichloroethyl ether 111-44-4 55 3 B2 0.00033 IRIS

1,3-Dichloropropene 542-75-6 56 2B 0.02 IRIS LH 0.000004 IRIS

Dichlorvos 62-73-7 57 2B 0.0005 IRIS B2

Diesel engine emissions DIESEL EMIS. 999 1 0.005 IRIS LH

Diethanolamine 111-42-2 58 2B 0.003 CAL

3,3'-Dimethoxybenzidine 119-90-4 61 2B B2

p-Dimethylaminoazobenzene 60-11-7 62 2B 0.0013 CAL

3,3'-Dimethylbenzidine 119-93-7 63 2B B2

Dimethyl formamide 68-12-2 65 2A 0.03 IRIS

N,N-dimethylaniline 121-69-7 59 3

1,1-Dimethylhydrazine 57-14-7 66 2B B2

2,4-Dinitrotoluene 121-14-2 71 2B 0.007 P-CAL B2 0.000089 CAL

2,4/2,6-Dinitrotoluene (mixture) 25321-14-6 71 2B B2

1,4-Dioxane 123-91-1 72 2B 0.03 IRIS LH 0.000005 IRIS
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CHEMICAL NAME CAS NO.

HAP 

NO.

IARC 

WOE mg/m3 SOURCE

EPA 

WOE 1/(µg/m3)

EPA 

MOA SOURCE mg/kg-d SOURCE

EPA 

WOE 1/(mg/kg-d)

EPA 

MOA SOURCE

CANCER

Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER

1,2-Diphenylhydrazine 122-66-7 73 B2 0.00022 IRIS

Epichlorohydrin 106-89-8 74 2A 0.001 IRIS B2 0.0000012 IRIS

1,2-Epoxybutane 106-88-7 75 2B 0.02 IRIS

Ethyl acrylate 140-88-5 76 2B B2

Ethyl benzene 100-41-4 77 2B 1 IRIS D 0.0000025 CAL

Ethyl carbamate (urethane) 51-79-6 78 2A 0.00029 M CAL

Ethyl chloride 75-00-3 79 3 10 IRIS

Ethylene dibromide 106-93-4 80 2A 0.009 IRIS LH 0.0006 IRIS

Ethylene dichloride 107-06-2 81 2B 2.4 ATSDR B2 0.000026 IRIS

Ethylene glycol 107-21-1 82 0.4 CAL

Ethylene oxide 75-21-8 84 1 0.03 CAL CH 0.003 M IRIS

Ethylene thiourea 96-45-7 85 3 0.003 P-CAL 0.000013 CAL

Ethylidene dichloride (1,1-Dichloroethane) 75-34-3 86 0.5 HEAST C 0.0000016 CAL

Formaldehyde 50-00-0 87 1 0.0098 ATSDR B1 0.000013 IRIS

Diethylene glycol monobutyl ether 112-34-5 181 0.02 HEAST

Ethylene glycol ethyl ether 110-80-5 181 0.2 IRIS

Ethylene glycol ethyl ether acetate 111-15-9 181 0.3 CAL

Ethylene glycol methyl ether 109-86-4 181 0.02 IRIS

Ethylene glycol methyl ether acetate 110-49-6 181 0.09 CAL

Heptachlor 76-44-8 88 2B B2 0.0013 IRIS 0.0005 IRIS B2 4.5 IRIS

Hexachlorobenzene 118-74-1 89 2B 0.003 P-CAL B2 0.00046 IRIS 0.0008 IRIS B2 1.6 IRIS

Hexachlorobutadiene 87-68-3 90 3 0.09 P-CAL C 0.000022 IRIS

Hexachlorocyclopentadiene 77-47-4 91 0.0002 IRIS NH

Hexachlorodibenzo-p-dioxin, mixture 19408-74-3 187 B2 1.3 IRIS B2 6200 IRIS

Hexachloroethane 67-72-1 92 2B 0.03 IRIS LH

Hexamethylene-1,6-diisocyanate 822-06-0 93 0.00001 IRIS

n-Hexane 110-54-3 95 0.7 IRIS InI

Hydrazine 302-01-2 96 2A 0.0002 CAL B2 0.0049 IRIS

Hydrochloric acid 7647-01-0 97 3 0.02 IRIS

Hydrofluoric acid 7664-39-3 98 0.014 CAL

Hydrogen sulfide 7783-06-4 999 0.002 IRIS InI

Hydroquinone 123-31-9 99 3

Isophorone 78-59-1 100 2 CAL C

Lead compounds 7439-92-1 182 2B 0.00015 EPA-OAQPS B2 B2

Tetraethyl lead 78-00-2 182 3 0.0000001 IRIS

Lindane (gamma-HCH) 58-89-9 101 1 0.0003 P-CAL B2-C 0.00031 CAL 0.0003 IRIS B2-C 1.1 CAL

alpha-Hexachlorocyclohexane (a-HCH) 319-84-6 101 1 0.02 P-CAL B2 0.0018 IRIS 0.008 ATSDR B2 6.3 IRIS

beta-Hexachlorocyclohexane (b-HCH) 319-85-7 101 1 0.002 P-CAL C 0.00053 IRIS C 1.8 IRIS

technical Hexachlorocyclohexane (HCH) 608-73-1 101 1 B2 0.00051 IRIS B2 1.8 IRIS

Maleic anhydride 108-31-6 102 0.0007 CAL

Manganese compounds 7439-96-5 183 0.0003 ATSDR D

Mercuric chloride 7487-94-7 184 C 0.0003 IRIS C

Mercury (elemental) 7439-97-6 184 3 0.0003 IRIS D D
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CHEMICAL NAME CAS NO.

HAP 

NO.

IARC 

WOE mg/m3 SOURCE

EPA 

WOE 1/(µg/m3)

EPA 

MOA SOURCE mg/kg-d SOURCE

EPA 

WOE 1/(mg/kg-d)

EPA 

MOA SOURCE

CANCER

Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER

Methyl mercury 22967-92-6 184 2B C 0.0001 IRIS C

Phenylmercuric acetate 62-38-4 184 0.00008 IRIS

Methanol 67-56-1 103 20 IRIS

Methoxychlor 72-43-5 104 3 D 0.005 IRIS D

Methyl bromide 74-83-9 105 3 0.005 IRIS D

Methyl chloride 74-87-3 106 3 0.09 IRIS InI

Methyl chloroform (1,1,1-Trichloroethane) 71-55-6 107 5 IRIS InI

Methyl isobutyl ketone 108-10-1 111 2B 3 IRIS InI

Methyl isocyanate 624-83-9 112 0.001 CAL

Methyl methacrylate 80-62-6 113 3 0.7 IRIS E

Methyl tert-butyl ether 1634-04-4 114 3 3 IRIS 2.6E-07 CAL

4,4'-Methylene bis(2-chloroaniline) 101-14-4 115 1 B2 0.00043 CAL

Methylene chloride 75-09-2 116 2A 0.6 IRIS LH 1E-08 M IRIS

Methylene diphenyl diisocyanate 101-68-8 117 3 0.0006 IRIS InI

4,4'-Methylenedianiline 101-77-9 118 2B 0.02 CAL 0.00046 CAL

Naphthalene 91-20-3 119 2B 0.003 IRIS C 0.000034 CAL

Nickel compounds 7440-02-0 186 1 0.00009 ATSDR A

Nickel refinery dust NI_DUST 186 A 0.00024 IRIS

Nickel subsulfide 12035-72-2 186 A 0.00048 IRIS

Nitrobenzene 98-95-3 120 2B 0.009 IRIS LH 0.00004 IRIS

2-Nitropropane 79-46-9 123 2B 0.02 IRIS B2 0.0000056
EPA

OAQPS

Nitrosodimethylamine 62-75-9 125 2A B2 0.014 M IRIS

N-Nitrosomorpholine 59-89-2 126 2B 0.0019 CAL

Parathion 56-38-2 127 2B C

Polychlorinated biphenyls 1336-36-3 136 1 B2 0.0001 IRIS B2 2 IRIS

Aroclor 1016 12674-11-2 136 0.00007 IRIS

Aroclor 1254 11097-69-1 136 0.00002 IRIS

Pentachloronitrobenzene 82-68-8 128 3 C

Pentachlorophenol 87-86-5 129 1 0.1 P-CAL LH 0.0000051 CAL

Phenol 108-95-2 130 3 0.2 CAL InI

Phosgene 75-44-5 132 0.0003 IRIS InI

Phosphine 7803-51-2 133 0.0003 IRIS InI

Phosphorus 7723-14-0 134 D

Phthalic anhydride 85-44-9 135 0.02 CAL

Polybrominated biphenyls 59536-65-1 187 2A B2 0.000007 HEAST B2 8.9 HEAST

Acenaphthene 83-32-9 187 3 D 0.06 IRIS D

Acenaphthylene 208-96-8 187 D D

2-Aminoanthraquinone 117-79-3 187 3 0.0000094 CAL 0.033 CAL

Anthracene 120-12-7 187 3 D 0.3 IRIS D

Benz(a)anthracene 56-55-3 187 2B B2 0.00006 m-rpf EPA-ORD B2 0.1 m-rpf EPA-ORD

Benzo(b)fluoranthene 205-99-2 187 2B B2 0.00006 m-rpf EPA-ORD B2 0.1 m-rpf EPA-ORD

Benzo[j]fluoranthene 205-82-3 187 2B 0.00006 m-rpf CAL 0.1 m-rpf CAL

Benzo(k)fluoranthene 207-08-9 187 2B B2 0.000006 m-rpf EPA-ORD B2 0.01 m-rpf EPA-ORD
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CHEMICAL NAME CAS NO.

HAP 

NO.

IARC 

WOE mg/m3 SOURCE

EPA 

WOE 1/(µg/m3)
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CANCER

Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER

Benzo(g,h,i)perylene 191-24-2 187 3 D D

Benzo(a)pyrene 50-32-8 187 1 0.000002 IRIS CH 0.0006 M IRIS 0.0003 IRIS CH 1 M IRIS

Benzo(e)pyrene 192-97-2 187 3

Carbazole 86-74-8 187 2B B2 B2 0.02 HEAST

beta-Chloronaphthalene 91-58-7 187 0.08 IRIS

Chrysene 218-01-9 187 2B B2 0.0000006 m-rpf EPA-ORD B2 0.001 m-rpf EPA-ORD

Dibenz[a,h]acridine 226-36-8 187 2B 0.00006 m-rpf CAL 0.1 m-rpf CAL

Dibenz[a,j]acridine 224-42-0 187 2A 0.00006 m-rpf CAL 0.1 m-rpf CAL

Dibenz(a,h)anthracene 53-70-3 187 2A B2 0.0006 M EPA-ORD B2 1 M EPA-ORD

7H-Dibenzo[c,g]carbazole 194-59-2 187 2B 0.0006 m-rpf CAL 1 m-rpf CAL

Dibenzo[a,e]pyrene 192-65-4 187 3 0.0006 m-rpf CAL 1 m-rpf CAL

Dibenzo[a,h]pyrene 189-64-0 187 2B 0.006 m-rpf CAL 10 m-rpf CAL

Dibenzo[a,i]pyrene 189-55-9 187 2B 0.006 m-rpf CAL 10 m-rpf CAL

Dibenzo[a,l]pyrene 191-30-0 187 2A 0.006 m-rpf CAL 10 m-rpf CAL

7,12-Dimethylbenz(a)anthracene 57-97-6 187 0.071 M CAL 250 M CAL

1,6-Dinitropyrene 42397-64-8 187 2B 0.006 m-rpf CAL 10 m-rpf CAL

1,8-Dinitropyrene 42397-65-9 187 2B 0.0006 m-rpf CAL 1 m-rpf CAL

Fluoranthene 206-44-0 187 3 D 0.04 IRIS D

Fluorene 86-73-7 187 3 D 0.04 IRIS D

Indeno(1,2,3-cd)pyrene 193-39-5 187 2B B2 0.00006 m-rpf EPA-ORD B2 0.1 m-rpf EPA-ORD

3-Methylcholanthrene 56-49-5 187 0.0063 M CAL 22 M CAL

5-Methylchrysene 3697-24-3 187 2B 0.0006 m-rpf CAL 1 m-rpf CAL

1-Methylnaphthalene 90-12-0 187 0.07 ATSDR

2-Methylnaphthalene 91-57-6 187 InI 0.04 ATSDR InI

5-Nitroacenaphthene 602-87-9 187 2B 0.000037 CAL 0.13 CAL

6-Nitrochrysene 7496-02-8 187 2A 0.006 m-rpf CAL 10 m-rpf CAL

2-Nitrofluorene 607-57-8 187 2B 0.000006 m-rpf CAL 0.01 m-rpf CAL

1-Nitropyrene 5522-43-0 187 2A 0.00006 m-rpf CAL 0.1 m-rpf CAL

4-Nitropyrene 57835-92-4 187 2B 0.00006 m-rpf CAL 0.1 m-rpf CAL

Octabromodiphenyl ether 32536-52-0 187 D 0.003 IRIS D

Phenanthrene 85-01-8 187 3 D D

Pyrene 129-00-0 187 3 D 0.03 IRIS D

1,3-Propane sultone 1120-71-4 137 2A 0.00069 CAL

Propionaldehyde 123-38-6 139 0.008 IRIS InI

Propoxur 114-26-1 140 B2

Propylene dichloride 78-87-5 141 1 0.004 IRIS B2

Propylene oxide 75-56-9 142 2B 0.03 IRIS B2 0.0000037 IRIS

Quinoline 91-22-5 144 LH

Selenium compounds 7782-49-2 189 3 0.02 CAL D

Hydrogen selenide 7783-07-5 189 0.00008 P-CAL

Selenious acid 7783-00-8 189 D

Selenium dioxide 7446-08-4 189 0.02 CAL

Selenium disulfide 7488-56-4 189 0.02 CAL
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Table 1.  Prioritized Chronic Dose-Response Values for 

Screening Risk Assessments

CHRONIC INHALATION CHRONIC ORAL

NONCANCER CANCER NONCANCER

Selenium sulfide 7446-34-6 189 0.02 CAL B2

Styrene 100-42-5 146 2B 1 IRIS

Styrene oxide 96-09-3 147 2A 0.006 P-CAL

2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 148 1 4E-08 CAL B2 33 EPA-ORD 7E-10 IRIS B2 150000 EPA-ORD

1,1,2,2-Tetrachloroethane 79-34-5 149 2B LH

Tetrachloroethene 127-18-4 150 2A 0.04 IRIS LH 2.6E-07 IRIS

Titanium tetrachloride 7550-45-0 151 0.0001 ATSDR

Toluene 108-88-3 152 3 5 IRIS InI

2,4-Toluene diamine 95-80-7 153 2B B2 0.0011 CAL

2,4/2,6-Toluene diisocyanate mixture (TDI) 26471-62-5 154 2B 0.00007 IRIS 0.000011 CAL

o-Toluidine 95-53-4 155 1 B2 0.000051 CAL

Toxaphene 8001-35-2 156 2B B2 0.00032 IRIS B2 1.1 IRIS

1,2,4-Trichlorobenzene 120-82-1 157 0.2 HEAST D

1,1,2-Trichloroethane 79-00-5 158 3 0.4 P-CAL C 0.000016 IRIS

Trichloroethylene 79-01-6 159 1 0.002 IRIS CH 0.0000041 M IRIS

2,4,6-Trichlorophenol 88-06-2 161 2B B2 0.0000031 IRIS

Triethylamine 121-44-8 162 0.007 IRIS

Trifluralin 1582-09-8 163 3 C 0.0075 IRIS C 0.0077 IRIS

Uranium, insoluble salts URANINSOLS 188 0.0008 ATSDR

Uranium, soluble salts URANSOLS 188 0.00004 ATSDR

Vinyl acetate 108-05-4 165 2B 0.2 IRIS

Vinyl bromide 593-60-2 166 2A 0.003 IRIS B2 0.000032 HEAST

Vinyl chloride 75-01-4 167 1 0.1 IRIS CH 0.0000088 IRIS

Vinylidene chloride 75-35-4 168 3 0.2 IRIS SE

Xylenes (mixed) 1330-20-7 169 3 0.1 IRIS InI
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Radionuclide Table:  Radionuclide Carcinogenicity - Slope Factors
Data Source US EPA Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries

Revision #4 NOTE:

The curie (Ci) is the customary unit of activity and is equal to 3.7 x 10
10 

nuclear transformations per second. US EPA Regulates radium in drinking water to 

File: 8319.xlsx HBTOM Handbook of the Toxicology of Metals (Nordberg ET AL ) 4th Edition no more than 5 pCi of combined  radium-226 and

20/08/2020 Slope Factor Morbidity Risk Coefficient radium 228 per litre of water.

Lifetime excess Total Cancer Risk 

Element Kalbar Analysis Element HBTOM * Isotope Radioactive ICRP Gi

(Atomic Number) Reference Half Life Lung Type Absorption Water Food Soil Inhalation External 

Pagess (Years) Factor (f1)
g

Ingestion Ingestion Ingestion Risk Exposure

(Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCi/g)

Aluminium 260-4500 mg/kg 13 549-560 Al-26 716000 M 0.0100 0.001730 2490 0.47000 0.000000000069 0.0000133

Al-28 2.240 0.0000092

Antimony <0.5 mg/kg 565-572 Sb 115 31.80 M 0.1000 0.000000000000051 0.0000000000001 0.11600 0.00000000000002 0.0000039

Carcinogen Sb 116 15.80 M 0.1000 0.000000000000051 0.0000000000001 0.11600 0.00000000000002 0.0000105

51 Sb-126 12.40 M 0.10000 0.00000000001 0.00000000002 0.29 0.0000000000115 0.00000649

Sb 127 3.85 M 0.1000 0.00000000001 0.0000000000147 0.00000000003 0.000000000008 0.00000307

Arsenic 61-491 mg/kg 33 582-610 As-69 15.20 M 0.50 0.000000000000105 0.00000000000015 0.2390 0.00000000000004 0.00000443

Carcinogen As-70 52.60 M 0.50 0.000000000000320 0.00000000000045 0.000000000001 0.00000000000014 0.0000196

As-71 64.80 M 0.50 0.000000000000320 0.000000000003 0.00000000001 0.00000000000152 0.00000237

As-72 26.00 M 0.50 0.10 0.00000000001 0.00000000003 0.00000000004 0.0000082

As-73 80.30 M 0.50 0.000000000002 0.000000000002 0.000000000004 0.000000000004 0.000000006

As-74 17.80 M 0.50 0.000000000007 0.000000000010 0.00000000002 0.00000000001 0.0000034

As-76 26.30 M 0.50 0.000000000010 0.00000000001 0.00000000003 0.0000000000 0.0000020

As-77 38.80 M 0.50 0.000000000003 0.000000000004 0.00000000001 0.000000000002 0.000000036

As-78 90.70 M 0.50 0.0000000000006 0.0000000000009 0.000000000001 0.0000000000003 0.0000061

Thorium 1.0 -120 mg/kg 90 Th-226 30.90 m  S 0.001 0.000000000001 0.000000000000923 0.0000000000016 0.00000000016 0.00000002

Carcinogen Th-227 18.70 d  S 0.0005 0.00000000005 0.00000000005 0.00000000007 0.00000000014 0.0000004

Th-228 1.91 y  S 0.001 0.0000000001 0.0000000001 0.00000000029 0.00000013 0.00000001

Th-228+D 1.91 y  S 0.001 0.0000000003 0.0000000004 0.00000000081 0.00000014 0.00000776

In Kalbar ore body Th-229 7340.00 y  S 0.001 0.0000000002 0.0000000003 0.00000000050 0.00000018 0.00000023

Th-229+D 7340.00 y  S 0.001 0.0000000005 0.0000000007 0.00000000129 0.00000023 0.00000117

See pages 38-40 of TENORM  Handbook Th-230 77000.00 y  S 0.001 0.0000000001 0.000000000119 0.00000000020 0.00000003 0.00000000

Th-231 25.50 h  S 0.001 0.0000000000 0.000000000003 0.00000000001 0.000000000002 0.00000002

Decays to Radium 228 Unstable Th-232 14 Billion Years y  S 7340.00 0.0000000001 0.000000000133 0.00000000023 0.00000004 0.0000000003

Th-234 24.10 d  S 0.001 0.0000000000 0.000000000034 0.00000000007 0.00000000003 0.00000002

Tin 1.7 mg/kg 50 1242-1276 Sn-110 4.00 h M 0.020 0.0000000000019 0.000000000003 0.000000000005 0.00000000000067 0.000001130

Sn-111 35.30 m M 0.020 0.0000000000019 0.00000000000008 0.000000000000 0.00000000000003 0.000002290

Sn-113 115.00 d M 0.020 0.0000000000019 0.000000000006 0.000000000012 0.00000000001000 0.000000020

Sn-117m 13.60 d M 0.020 0.0000000000019 0.00000000001 0.000000000013 0.00000000000884 0.000000469

Sn-119m 293.00 d M 0.020 0.0000000000019 0.000000000003 0.000000000006 0.00000000000781 0.000000001

Sn-121 27.10 h M 0.020 0.0000000000019 0.0000000000015 0.000000000004 0.00000000000102 0.000000000

Sn-121m 55.00 y M 0.020 0.0000000000019 0.0000000000023 0.000000000007 0.00000000001540 0.000000001

Sn-123 129.00 d M 0.020 0.0000000000019 0.0000000000140 0.000000000040 0.00000000003030 0.000000039

Sn-123m 40.10 m M 0.020 0.0000000000019 0.0000000000001 0.000000000000 0.00000000000006 0.000000462

Sn-125 9.64 d M 0.020 0.0000000000019 0.0000000000201 0.000000000058 0.00000000001410 0.000001530

Sn-126 100000.00 y M 0.020 0.0000000000019 0.0000000000256 0.000000000071 0.00000000009950 0.000000100

Sn-127 2.10 h M 0.020 0.0000000000019 0.0000000000008 0.000000000002 0.00000000000044 0.000009250

Sn-128 59.10 m M 0.020 0.0000000000019 0.0000000000004 0.000000000001 0.00000000000023 0.000002620

Titanium 44-154 mg/kg 22 Ti-44 47.30 S 0.01000 0.000000000026 0.00000000004 0.0000000001 0.0000000003 0.0000002

Carcinogen Ti-45 3.08 S 0.0100 0.0000000000006 0.0000000000009 0.0000000000018 0.0000000000003 0.00000379

Tungsten <1 mg/Kg 74 W-176 2.30 h F 0.3000 0.0000000000004 0.000000000001 0.0000000000011 0.0000000000001 0.00000032



W-177 135.00 m F 0.3000 0.0000000000002 0.000000000000 0.0000000000005 0.0000000000001 0.00000363

W-178 21.70 d 0.3000 0.0000000000012 0.300000000000 0.0000000000033 0.0000000000004 0.00000002

W-179 37.50 m F 0.3000 0.0000000000000 0.000000000000 0.0000000000000 0.0000000000000 0.00000006

W-181 121.00 d F 0.3000 0.0000000000004 0.000000000001 0.0000000000011 0.0000000000001 0.00000005

W-185 75.10 d F 0.3000 0.0000000000029 0.000000000004 0.0000000000084 0.0000000000009 0.00000000

W-187 23.90 h F 0.3000 0.0000000000037 0.000000000005 0.0000000000103 0.0000000000011 0.00000204

W-188 69.40 d F 0.3000 0.0000000000140 0.000000000021 0.0000000000400 0.000000000005 0.00000001

Uranium 3-9 mg/kg 234 U-230 20.80 d M 0.0200 0.0000000002090 0.0000000002980 0.0000000005660 0.0000000455000 0.000000003

Carcinogen U-231 4.20 d M 0.0200 0.0000000000018 0.0000000000026 0.0000000000050 0.0000000000018 0.00000016

U-232 72.00 y M 0.0200 0.0000000002920 0.0000000003850 0.0000000005740 0.0000000195000 0.000000001

U-233 159000 y M 0.0200 0.0000000000718 0.0000000000969 0.0000000001600 0.0000000116000 0.00000000

U-234 245000.00 y M 0.0200 0.0000000000707 0.0000000000955 0.0000000001580 0.0000000114000 0.00000000

U-235 704000000 y M 0.0200 0.0000000000696 0.0000000000944 0.0000000001570 0.0000000101000 0.00000052

U-235+D 704000000 y M 0.0200 0.0000000000718 0.0000000000976 0.0000000001630 0.0000000101000 0.00000054

U-236 23400000 Y M 0.0200 0.0000000000670 0.0000000000903 0.0000000001490 0.0000000105000 0.00000000

U-237 6.75 d M 0.0200 0.0000000000049 0.0000000000071 0.0000000000139 0.0000000000064 0.00000038

U-238 4470000000 y M 0.0200 0.0000000000640 0.0000000000866 0.0000000001430 0.0000000093200 0.00000000

U-238+D 4470000000 y M 0.0200 0.0000000000871 0.0000000001210 0.0000000002100 0.0000000093500 0.00000011

U-239 23.50 m M 0.0200 0.0000000000001 0.0000000000001 0.0000000000002 0.0000000000001 0.00000012

U-240 14.10 h M 0.0200 0.0000000000070 0.0000000000103 0.0000000000202 0.0000000000030 0.00000000

Vanadium 17-130 mg/kg V-47 32.60 m M 0.0100 0.0000000000001 0.0000000000002 0.0000000000003 0.0000000000001 0.00000436

Carcinogen V48 16.20 d M 0.0100 0.0000000000081 0.0000000000117 0.0000000000213 0.0000000000093 0.00001400

V49 330.00 d M 0.0100 0.0000000000001 0.0000000000002 0.0000000000004 0.0000000000001 0.00000000

Zirconium 6,250-42,750 mg/kg 40 Zr-97 16.90 m 0.0100 0.0000000000125 0.0000000000183 0.0000000000375 0.000000000005 0.0000008620

Carcinogen

70kg Male Inhalation of 17800 M
3

Per Day
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