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; Elemen! ; CAS No. Occupational health and safety issnes

(abbreviation) :

Seandiumy Sc) 7440-20-2  Gases including Sc can be exposed to workers in the working environment.

Yrtrium(Y) 7440-65-5 Y compounds can cause shormess of breath, coughing, chest pain. and cvanosis in workers(TWA”:
1 mgi’. IDLH': 500 mg/m’ recommended by NIOSH' ), It could form flammable dust.

Lanthanum(Ta)  7439-91-0  Pneumocomiosis can be occured among workers exposed to RE oxides and fluorides uiilized i
carbon arc light.

Cenmum{Ce) 7440-45-1  Ce can cavse itchmg. sensitivity to heat. and skin lesions i workers[TWA of CeOy(1306-38-3):
5 mg/m’]. Ce is a strong reducing agent, and ignites spontanecusly in air at 65°C to 80°C. Ce0,
15 a powerful oxidizing agent at high temperatures. and react with combustible organic materials.

Neodymimm(Nd)  7440-00-8  Inhalation of Nd dust can canse hing embolisms and liver damage. Biocompatibility issues have
been reported for medical uses(magnetic braces and bone repair). Nd also may cause injuries due
fo strong magnetic force.

Promethium(Pm)  7440-12-2  Although P has no biological role, protective equipments should be used when dealing with this
waterial. Pm-147 15 dangerous unless 1t is well sealed.

Europum(Eu)  7440-33-1  Dust of 1fs metal compounds has fire and explosion hazards.

Gadolimum(Gd) ~ 7440-34-2  Gd has little information on its native biological roles, but its compounds are used as research
tools(MRI confrast agents) in biomedical field.

Dysprosium(Dy) ~ 7429-91-6 Dy powder may have an explosion hazard when reacted with air. water. and ignition source. Thin
foils of this material can also be ignited by sparks or by static elecuricity. Dy fires cannot be put
out by water,

Erbium(Er) 7440-52-0 Dust form of metallic Er has fire and explosion hazards.

Yiterbium(Yb)  7440-64-4 YD should be stored in air-tight containers and in an inert afmosphere to protect the metal from
air and moisture despite chemically stable property. Dust form of metallic Yb has fire and explosion
hazards.

Lutetium(Lu) 7439-94-3  Although Lu has no known biological role, it is known that it is highly accumulated in the bone
and slightly accumulated i the liver and kidneys. Lutetinm nitrate{Lu(NOs):] may explode and bum
when heated.

Praseodyimum(Pr)  7440-10-0  These compounds are controversial subjects with their biological roles. However, Ho and Tm

Samarnm(Sm)  7440-199  compounds may be able to stunulate metabolism.

TerbiunyTb) 7440-27-

Holmmm{Ho) T440-60-0

Thulim(Tm) — 7440-30-4

" TWA: time-weighted average
Occupational Safery and Health.
The data were mainly sourced from the Rim's research(Rim et al. 2013),

[O8 2] SIETQL 22D

t B . . . ¥ TR ;
. IDLH: immediately dangerons fo life or health concentrations; © NIOSH: National Instimute for
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OlF(EXN: & MZ T, 2016)
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ELEM F

SMARTPHONE

ELEMENTS COLOUR KEY: @ AL¥ALI METAL ) ALKALINE EARTH METAL TRANSITION METAL @) GROUP13 ) GROUP 14 @ GROUP

SCREENO

Indiurm tin oxide is & mixture of
Indium axide and tin oxide, uzed
In & transparent film in the screen
that conducts slectricity, This alloiws
the screen to function a2-a touch
acresn,

The glass used on the majarity of
smartphones is an alumingsilicate
Rlasz, compesed of a mix ofalumina
(41,0, and silica (59}, This glass
alsa contains potassium jans, which
halp fostrengthen it

A variety of Rare Earth Element
compaunds are used i mall
quantities to produce the colors
In the smartphone's seresn. Some
carmpaunds are also wsed o reducs
UV light penetration inte the phone:

5 @) GRCUP 16 @ HALOGEN @) LANTHANIDE

OELECTRONICS

Copper is used for wirlng in the
phare, whils eopper, gold and silver
are the major metals from which
microglectrical  components  are
fashioned. Tantalurmn is the majar
camponent of micro-capacitars.

Mickel is used in the micreghone a5 well
as for cther alactneal cormections. Alloys
Induding the elments prazeodymium,
gadolinium and neogymum are used
In the magnets in the spesier and
micrephene. Necdymium, terbium end
dysprosium are used in the vibration it

Pure silicon & wsed 1o manufacure
the chip in the. phone. It s oxidised
to produce non-conducting regions,
then other elements are added In
order to allew the chip te conduct
electricity.

Tin & lead are wsed to solder
electronics in the phone, Newer lead-
free solders use & mixof tin, coppar
and silver.

The majority of phones wse lithium ion batteries,
which are compesed of lithium cobalt oxide ax s
positive electrode and graphite [carbon) as the
negative slectrode. Some batteries use ather
metals, such a4 manganese, in place of cabalt,
The battery's casing is mads of aluminkr.

Magnesium compaunds sre alleyed te make
dame phone cases, whilst many are made
of plastics. Plastics will alsn include flame
retardant compounds, some of which contain
bromine. whitst nickel can be induded to
reduce slsctramagnetic int=rierance.

WWW, COMPOUNDCHEM.COM

[ 5] ADIEE| AISElE 382 TF
(Z2X: www.compoundchem.com)
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72 85 (MG #)

=% 83 Y, b, Gd, La), Y20|F §3(Sc, La), 0idiE S3Pr, Ce. La), E2|20 &2(La)

Z0f FAEHES0H(Lu, Nd, Sm), XESxt S0H(Ce)

TR Nd AHS(Nd, Dy, Pr, Tb), Sm—CoXH(Sm)

2 2| HoHCe), ZAi(Ho, Nd, Pr, Er)

| B2t22KEy), LCD ! LED(Ey, Gd, Ce, Tm, Th)

oA lo|x oHE(Nd, Er, Yb, ¥)

7|t QIZx|o} Y ZECIO|OREE(Y)

[O8 6] & 2018 YER F2 §T(EXN: JIPVIESHEYN, 2017)

Device Neodymium per device [mg]
PC 5.030

Hard disk drive (HDD)
CD-ROM

2.441 (1.104-9.076)

771 (319 -3.236)

Loudspeaker 310
Laptop? 4.447
Hard disk drive 1121 (851-1391)
CD-ROM 621 (447-794)
Loudspeaker 626 (550 — 703)
Tablet Computer 347
Mobilephone! 46.4 (14.3 - 115)
Smartphone? 120
Earphones 260 (38,9-955)
LCD-television 3650 (0,8—-7, 4)

[O8 7] MIIMINE T UWLOS YF(EM: Menad?t Seron, 2017)
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Nd;FeuB =4 &
i 2#% | 0%
EDS" #4 614 | 241 14 4.0 10 11 96.0

72.0 270 ND ND ND 1.0 100.0
)

A 2}
203 ,
37 , (Pd), 91&(In), T4 (Ni)
6) /
{(hole)

)




, (Cr) ,
(Pt)

[Cezs ) | (&9 HE, AL ko)
2016 U=

BE =9 ojarr 71 it
o ofdd Pb2.5 %, Zn 2.7 % 17,070.30 1131640 30
= AU 7.5 aft 5.973.40 4,608.70 95
= Ag 1943 g#t 8,048 50 6,319.90 13
Cu2.7% 2,307.40 1.669.20 27

45,082.80 34,330,40 3

WGo30.5 % 15,373.10 11,903.80 17

MeS20.3 % 6,277.50 4.874.40 5

27t Mn 12,6 % 360,00 252.00 2
el sh2.1 %

=i 5n 1.9 % b
= Au 3/t 9

IER R203 2.1 % [
o | 233

[O& 8] 20164 YEXIH NPT T(EM: ITYSXHFTEX|ZY, 2019)
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(E49] - 2t §)

Zr
=4 W =8
Tl
Ti
Te
Ta
Sr
Sn
Si
Se
Sb
Rh
Ree
Re
Pt
Pd
P
Ni
Nb
Mo
Mn
Mg
Li
Ir
In

2000 1.500 1.000 500 0 0 500 1000 1.600 2,01
| E-nd Bl Bl il B

[O8 9] 2018L YTE WAQTE(EN: SUSXXAATY, 2019)
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Element
(abbreviation)

CAS No.

Toxicological information

Scandinm(Sc)

Yirum(Y)

Lanthanum(La}

CernumiCe)

Neodymium({Nd)

Promethium(Pm)

Samarinwm(Sm)

Europium(Eu)

Gadolininm{Gd)

DysprosinmiDy)

Thubim Tm)

Ytterbium({Yh)

Lutetiuvm(Lu)

Praseodymium(Pr)
Terbium(Th)
Holmium(Ho)
Erbium(Er}

7440202

7440-65-5

7439-91-0

7440-45-1

7440-00-8

7440-12-2

7440-19-9

7440-53-1

7440-54-2

7429-91-6

7440-30-4

7440-64-4

7436-04.3

7440-10-0
7440-27-9
7440-60-0
7440-532-0

Sc is considered non-toxic. but little toxicological information s available. LDs; of ScCly: 4
mgke(ip). 755 mgkelp.o) in rats.

Water soluble forms of Y compounds are considered mildly toxic, while msoluble forms are
non-toxic. In experiments on rats. inhalation of yttrium citrate(CsHs07Y) caused pulmonary edema
and dyspnea. and inhalation of yttrinm chloride(YCls) caused liver edema. plenral effusions. and
pulmonary hyperemia. Exposire to Y compounds 10 humans may cause ling disease.

In vivo experiments. the injection of La solutions caused hyperglycemia, low blood pressure. and
degeneration of the spleen and hepatic alterations, LDsp of La:0s: = 8,500 mg/keg(p.o) in rats, 530
mgkg(ip) in mice.

Fumes from Ce fires are toxic. Ammals died due to cardiovascular collapse when injected with
large doses of Ce, LDsp of CeDa: 5.000 mgkg(p.o), 1.000-2,000 mgkezidermal). 5.05 mg/L({inhalation
dust) in rats.

Although Nd compounds are of low 10 moderate foxicity. its toxicological mformation is hmited.
Nd dust and salts are irritating to the eyes and mucous membranes(highly). and skin(moderately).
Ndy0; was investigated as a mutagen. LDsy of NdyOa: > 5,000 mg'kg(p.o) in rats, 86 mgke(ip)
in mice.

Pm may have an affect on the bone tissue in human. All of the known isotopes of promethium
are radioactive.

Insoluble salts of Sm are non-toxic, while the soluble ones are slightly toxic. When ingested, most
of Sm salts is excreted. and only about 0.05% is absorbed into the bloodstream. From the blood,
about 90% moves fo the liver(45%) and bone surface(45%). where it remains for about 10 years,
and remainder(10%) 1s excreted.

Furopium has no sigoificant biological role and is relatively non-toxic compared to other lieavy
metals, TDsy of Europinm chionide(EnCly): 387 mgkeg(i.p). 3.527 mgke(p.o) in mice, 28-day oral
NOEL" of EuCl - 6H0: 200 mgkg/day m rats, LDs of Europiun mitrate[Eu(NOs 5] 320 mg/ke(ip)
in mice, > 5,000 meke(p.o) in rats.

Free ion form of Gd is highly toxic, The toxicity depends on the strength of the chelating agent.
Anapliylactoid reactions are rare(about 0.03-0.1%).

Although soluble Dy salts, such as Dy chloride(DvCly) and Dy nitrate] Dy(INO;)s]. are muldly toxic
when ingested, the insoluble ones are non-toxic. DyCl ingestion of 500 g or more could be fatal
to a hmman considering the results of animal(mice) toxicity study.

Although seluble Tm salts are considered to be shishtly toxic when ingested i large amounts. the
insoluble ones are non-toxic.

All compounds of Yb are considered to be highly toxic because they have imitation to the skin
and eye. and some of them might be teratogenic.

Lu has low toxicity. Lu fluoride(LuFs) mhalation is dangerous and has imitation to the skin. Lu
oxide(Lu,0;) powder is also roxic when inhaled or ingested. Soluble Lu salts are mildly toxic, but
insoluble ones are nof.

Although toxicity of these compounds has not been investigated in detail. they are considered to
be of low or moderate toxicity.

* LDsy: half lethal dose levels:
The data were mainly sourced from the Rim’s research(Rim et al.. 2013).

[O& 10] BIERS =%

t

NOEL: no-observed-effect level.

O E
|| =|

B(EXN: & ME T, 2016)
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Exposure levels measured in a CRT treatment workshop.

PSJAS (number of samples) Inhalable dust (mgm ) Barium (pg m ¥ Cadmium {pgm N Lead (g m Y Yttrium (pg m 4

(ELS France 10 500 50 100 1000

USA [Niosh) - 500 20 50 1000

Dismantling Personal 0.6-8.1 <.1-243 <01-41.1 <.1-96.7 <.1-378
(73) 25 (L7 55(3.9) 19(05) 33.5(28.6) 58(20)
Ambient <0.3-34 ).1-21.2 <01-333 <.1-60 «0,1-361
(82) L1[1.0) 42(30) 1.7(05) 198 (19.1) 289(06)

Tube preparation  Personal 0829 <[,1-1504.3 <0.1-307.7 244458 0.1-8256
4] 51(23) B8.5(17.8) 262 {3.0) 1124 (59.0) BEO(10.1)
Ambient 0.5-8.7 <0.1-3233 <0.1-39.7 4-2106 0.1-135.7
(28) 28(21) 34.7(17.8) 55(22) 73.1(61.0) 252 (5.1}

Decontamination ~ Personal 1.2-29 .1-1739 <0.1-4349 24-576.3 0.1-28943
(36) 28(47) 466 (348) 524(32) 1665 (853) 4459 (252)
Ambient <0.3-39 «(.1-348.2 <(.1-698.4 4.0-549.3 <0,1-3437.9
(42) 47(14) 44.1(164) 3BT (OT) 69.0(42.7) 2105(5.7)

P5: personal air sampling.
AS: ambient air sampling.
* Range.
® Arithmetic mean,
£ Median.

[Od& 11] CRT XMa& HHPOIAN STE LEFF(EMN: Lecler T, 2015)
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<H 6> HCIMRIZI|HO| F= X(%)
. Cd Au Ag
A4 | Sn Pb Cu Fe Al Sh 7n Ni Cr
(g/t) | {g/t) | {g/t)
PCBs | 1002 | 320 | 2162 | 021 | 136 | 0001 | 0056 | 0036 |0027 | 053 | - 194.91
ECs" | 320 | 068 | 1380 [ 1949 | 691 | 611 |566 |065 |053 | 1445 | 4076 | 11268
A |60 17 169 | 118 |47 |37 |34 |04 0.3 89 | 244 | 1457
<H 7> HQIMRIZI|MO| B Y X FHHE IK|(ED)
ki (%) 744 b %) 7HA 1] (%)
Cu 9.7 36 4.8
Al b8 1.7 93.6 1.35
Fe 9.2 0.4 36.8 0.51
Ni 069 105 725 0.99
I’b 2.24 1.2 27 0.37
Sn 215 13 384
Ag 0.06 315 189 26
Au 7717
Pd 0.01 6100 610 8.35
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Liaison Committees to 1S0/TC 298

The committees below can access the documents ofISO/TC 298:
Reference 1L Title 1S0/IEC
SOfTCE2 Mining 150

Liaison Committees from ISO/TC 298

ISO/TC 298 can access the documents of the committees belows

Reference 15 Title I1SO/IEC
EC/TC 68 Magrnetic alloys and steels IEC
IEC/TC 111 Environmental standardization for electrical and electionic products and systems IEC
SOTC 37 Language and terminology 150
SO/TC79 Light metals and their alloys IS0
ISOfTC82 Mining 150
ISOTC 132 Feroalloys IS0
SO/TC 207 Environmental management 150
SO/TC207/5C5 Life cycle assessment 150
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