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6. Potential Human Health and Ecological Risks of Production, 
Processing, and Recycling of REEs 

Since the early 1990s, EPA has performed a number of studies to evaluate the environmental risks to human 
health and the environment from hardrock mining and metal ore processing activities. The most significant 
environmental impact from contaminant sources associated with hard rock mining is to surface water and ground 
water quality. However, documented impacts have also occurred to sediments, soils, and air. Comparisons can 
generally be made for mining of rare earth mineral ores and processing those ores into the final products with 
other hard rock metal mining and processing operations. These comparisons are suggested at a high level 
relative to the typical waste streams that are produced by a hardrock mine. Although process waste streams and 
sources are explored from past practice, direct comparisons are not attempted at an operational level since every 
deposit is geochemically unique and every mine and processor must conform to the characteristics of the ore 
deposit. These environmental and human health impacts are largely associated with the release of mine waters 
that typically contain elevated concentrations of metals, industrial chemicals used to maintain the mine site and 
equipment, and processing chemicals needed for milling and final processing steps. However, the specific health 
effects of elevated concentrations of REEs in the environment are not well understood. There is also potential for 
impacts to human health and the environment from recycling activities to recover REMs. This section presents a 
general conceptual site model (CSM) for a generic, aboveground hardrock mine site.  

 

Mining and processing activities have the potential to create a number of environmental risks to human 
health and the environment. The severity of these risks is highly variable between mine and mine plant 
operations. The contaminants of concern will vary depending on the REE-mineral ore, the toxicity of the 
contaminants from the waste rock, ore stockpiles, and process waste streams. The mobility of 
contaminants will be controlled by the characteristics of the geologic, hydrologic, and hydrogeologic 
environments where the mine is located, along with the characteristics of the mining process and waste 
handling methods. The environmental impact from urban mining or REM recycling operations is similar 
to mineral processing, since recovery and refining methodologies can be identical. 

A summary of the potential emission points and pollutants of concern associated with mining, processing, 
and recycling REEs are presented in Table 6-1. 
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Table 6-1. Summary table of pollutants, impacted environmental media, emission sources, and 
activity associated with REE mining, processing, and recycling. 

Activity Emission Source (s) Primary Pollutants of Concern 

Mining (aboveground and 
underground methods) 

Overburden 
Waste Rock 
Sub-ore Stockpile 
 Ore Stockpile  

Radiologicals 
Metals 
Mine Influenced Waters/Acid Mine 
Drainage/Alkaline or neutral mine drainage  
Dust and Associated Pollutants 

Processing  Grinding / Crushing  Dust 
  Tailings 

 Tailings Impoundment 
 Liquid Waste from Processing 

 Radiologicals 
 Metals 
 Turbidity 
 Organics 
 Dust and Associated Pollutants 

Recycling  Collection  Transportation Pollutants 
  Dismantling and Separation 

 Scrap Waste 
 Landfill 

 Dust and Associated Pollutants 
 VOCs 
 Metals 
 Organics 

  Processing  Dust and Associated Pollutants 
 VOCs 
 Dioxins 
 Metals 
 Organics 

In general, limited toxicological or epidemiological data are available to assess the potential human health 
effects of REEs. A preliminary literature search was conducted to identify human health, epidemiology, 
and toxicity studies on REEs. The identified literature was briefly reviewed and summarized in tables 
provided later in this section.  

6.1 Generalized Conceptual Site Model for Environmental Risk from a REE 
Mine and Mineral Processing Plant 

This section provides a generic Conceptual Site Model (CSM) to illustrate and provide general 
perspective for common sources of contamination along with typical contaminant release, transport, and 
fate scenarios that could be associated with a larger hardrock mine site. It attempts to describe the sources 
of contaminants, the mechanisms of their release, the pathways for contaminant transport, and the 
potential for human and ecological exposure to chemicals in the environment 

As in other parts of this document, the discussion presented here is general and cannot specifically 
address every circumstance or condition. However, to reiterate a previous point: while the geochemistry 
of the ore, and therefore the characteristic of pollutants, is likely quite different, a REE mine is similar to 
many other hardrock mining operations and the methods used to beneficiate and mill REE-mineral ores 
are also similar. While the basic metallurgical processes used to extract a metal from hardrock mineral 
ores are similar, the actual mineral ore processing steps used to recover a metal or metal oxide are varied. 
Metallurgical processing is generally unique to the deposit’s geochemistry, and therefore the actual 
methods and chemicals used are often proprietary. Environmental impact occurs at every stage of the 
mines life-cycle. 
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The CSM presented in the discussion assumes that within the property boundaries of a single mine there 
can be a variety of support process areas and facilities. Waste materials are associated with each step of 
mining and the subsequent ore processing steps used in extraction metallurgy for the target metal. In 
general, the waste streams from mining and mineral processors can include sediment, particulates, vapors, 
gases, wastewater, various chemical solvents, and sludge from chemical extraction and filtration steps. 
Most mining and processing operations will produce these and/or other wastes that require management 
and have the potential to create environmental risks to human health and sensitive habitat. 

The CSM provided in Figure 6-1 shows a mining and processing site of nonspecific location, climate, 
and physical setting. Mine conditions, ore geochemistry, and geologic, physiographic, and hydrogeologic 
settings where the mine is located will define many of the factors that influence the likelihood and 
potential severity of environmental risks associated with a specific mine site. This CSM is provided for 
general perspective and to orient the reader who is unfamiliar with the site features and conditions 
generally found at a commercial hardrock mine site. The features illustrated in the CSM include mine 
pits, leach piles, other processing areas, tailings, and waste piles. 

As previously discussed in this document, mining is the removal of ore from the ground on a large scale 
by one or more of four principal methods: surface mining, underground mining, placer mining, and in situ 
mining (extraction of ore from a deposit using chemical solutions). After the ore is removed from the 
ground, it is crushed so that the valuable mineral in the ore can be separated from the waste material and 
concentrated by flotation (a process that separates finely ground minerals from one another by causing 
some to float in a froth and others to sink), gravity, magnetism, or other methods, usually at the mine site, 
to prepare it for further stages of processing. The production of large amounts of waste material (often 
very acidic) and particulate emission have led to major environmental and health concerns with ore 
extraction and concentration. Additional processing separates the desired metal from the mineral 
concentrate. 

The CSM shown in Figure 6-1 illustrates that there are various receptor types around the mine site at 
different times during the life cycle of the mine:  

 Construction worker – May be exposed for short or extended periods depending on role and 
responsibilities; levels of exposure differ depending on mine’s life-cycle stage when work is 
performed and location of work relative to source. 

 Outdoor worker – Experiences potential exposure from dust, radiologicals, and hazardous 
materials. 

 Indoor worker – Experiences either less exposure if in office spaces or potentially more 
exposure if inside process areas. 

 Off-site tribal practitioner – Assumed that tribal peoples may use traditional hunting and 
fishing areas for some level of subsistence. 

 Recreational user - May use lakes, streams, or trails near the mine site or recycling facility and 
may also boat, swim/wade, bike, hike, camp, hunt, fish or subsist temporarily in the area. 

 Agricultural worker – May experience more exposure from dusts, noise, or impacted water 
supply. 

 Trespasser – Exposure dependent upon mine site life-cycle stage and activity while on-site. 
 Off-site resident – Exposure would depend upon mine site life-cycle stage and distance from 

potentially multiple source areas; routes could be air, ingestion of dust or native or gardened plant 
or animal, ingestion of contaminated water, and dermal contact with soil or water. 

 On-site resident – Exposure would occur after mine land is reclaimed and re-developed for 
residential use. Routes of exposure could be air, ingestion of dust or native or garden plant or 
native animal, ingestion of contaminated water, and dermal contact with soil or water depending 
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on residual concentrations remaining in un-reclaimed source areas or in yard soil if mine wastes 
were mixed with clean soil and used as fill. 

 Ecological receptors – Aquatic and terrestrial. 

Direct exposure can occur as a result of direct contact with solid phase mine or process wastes. General 
protections at mine sites are typically required, especially those located on federal lands. For example, 
fencing is generally required for isolating mine site areas where certain leaching chemicals are used to 
protect and prevent the direct exposure of the public, wildlife (including migratory birds), and livestock. 
Indirect expose to humans can occur through the food chain by, for example, the consumption of meat 
from exposed fish, shellfish, wild game, grazing farm animals, or by consuming vegetables grown in 
contaminated soils. 

The EPA stipulates in its risk guidance (1989) that a completed exposure pathway must contain the 
following elements: 

 Source and mechanism for release of chemicals 
 Transport or retention medium 
 Point of potential human contact (exposure point) with affected medium 
 Exposure route (e.g., dermal contact, inhalation, or ingestion) at the exposure point 

If any one of these elements is missing, then no human health or ecological risk exists. The CSM 
presented in Figure 6-1 shows a simplified model of the chemical transport pathways for the site. The ten 
receptor types (listed above) are shown in the CSM along with likely exposure routes. 
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Figure 6-1. Generic above-ground hardrock mine conceptual site model and exposure pathways (U.S. EPA, 2009a). 
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6.1.1 Contaminant Release and Transport 
The environmental behavior of mine/ore materials, REE-containing minerals, and the mineralogy of 
overburden and waste rock can vary significantly. Some of the potential effects include alteration of 
wildlife habitats, erosion, sedimentation, generation of windblown particulates, pollutant loading to 
groundwater and surface water, losses of chemical solutions from process areas, and surface subsidence. 
Generally, the specific areas of concern arise from sediment loading, metals contamination, toxic chemical
release, and acidification. 

6.1.1.1 Surface Water and Ground Water Pathways  

Surface Water 

In addition to mining and processing activities, exploration activities can initially impact surface water 
and groundwater resources at the site. The potential impacts that could occur during this phase of a mine’s 
life are variable and are influenced by location; impacts in densely forested areas will be different than the 
impacts to sparsely forested and arid regions. Ore bodies located in more remote locations may require an 
extensive network of access roads to drilling sites that result in the removal of habitat and alteration of 
terrain by removing soil and rock to create a stable road bed. Where water bodies exist along these 
constructed unpaved access roadways, or the drilling sites, pollution to streams and other water bodies 
can potentially become problematic. Additional runoff from clearing or other land alterations can increase 
normal stream flow during rainfall events, which increases the potential for downstream impacts from 
flooding. These types of impacts are more pronounced the closer the access roadways are constructed to 
the water body and the greater the area cleared. 

Drilling fluids from exploration activities can have significant impacts to aquatic environments or shallow 
groundwater if discharged or accidentally released to the environment. Suspended and dissolved solids 
concentrations would potentially overwhelm a small stream. The drilling fluids are managed at the 
borehole, either in a constructed mud box or in a pit. After the borehole is completed, the drilling fluids 
may be contained in drums for disposal, moved to an on-site waste management area (e.g., a landfill), 
dispersed at a land application unit (i.e., landfarming or landspreading), or stabilized in the mud pit and 
buried in place. Recycling of the drill cuttings is a common practice (i.e., road spreading and on-site 
construction base material), but additional uses are being tried in some sectors, such as the use of drilling 
mud and cuttings for use as substrate for wetland revitalization (Argonne National Laboratory, 2011). 
During any phase of mining operations, water bodies may receive increased sediment loads from erosion 
of freshly exposed soils that can cause decreases in available oxygen content of waters and decrease light 
penetration for photosynthesis to occur for aquatic plants.  

Erosion of rock surfaces, especially where sulfide minerals are present, can cause a natural acidification 
of runoff water (i.e., acid rock drainage or ARD) that can affect surface water bodies. Acid mine drainage 
(AMD) and neutral mine drainage (NMD) exacerbates the problem of releasing metals from mined 
materials and surfaces in addition to naturally occurring ARD. AMD occurs when oxide ore minerals 
(metalliferous minerals) are altered by weathering, rainwater, and surface water into oxides or sulfides. 
AMD usually is not a significant issue for REE deposits; however, the rock that surrounds or is overlying 
an ore body may contain the sulfide minerals that could create AMD. REEs often occur in ores rich in 
carbonate minerals, which can help buffer any effects of AMD that might occur; however, aquatic 
systems are very sensitive to changes in pH and increases in alkalinity can also be problematic. While 
AMD can result in metal toxicity problems, divalent metals are generally less toxic at higher pH and in 
more mineralized waters associated with NMD. AMD and NMD are collectively referred to as mining-
influenced water (MIW). Because the surface area of mined materials is greatly increased, the rate of 
chemical reactions that generate AMD, or increase alkalinity is also greatly increased. MIW can occur 
from stockpiles, storage piles, and mined or cut faces that can potentially impact local soil, groundwater, 
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and surface water quality. Typically, drainage from these management areas is controlled, but releases 
can potentially happen due to overflows during storm events, liner failure, and other breaches of 
engineered controls.  

Aquatic organisms will generally only tolerate a narrow fluctuation in the acidity or alkalinity of the 
natural system until reproductive capacity is diminished or mortally occurs. Erosion of exposed rocks can 
cause an increase (more acidic) or decrease (more basic) in the hydrogen ion concentration (pH) of the 
aquatic environment. Prior to mining, oxidation is a function of natural weathering, and any acid 
generation (i.e., acid rock drainage), or increases in alkalinity, occurs very slowly. Soils and riparian areas 
help to mitigate AMD and MIW, but these buffer zones are usually missing from the mining site unless 
maintained or constructed. However, as previously noted, acid mine drainage is not a significant issue that 
is typically associated with REE-deposits. 

Potential impacts to surface waters from mining operations can be mitigated. Maintaining buffer zones 
between stream areas and areas of exploration and mining activity can help to control runoff to streams. 
Capturing and containerizing drilling fluids also can mitigate impacts to streams, groundwater, and 
nearby habitat. Excavated soils, rock, and dry cuttings, either from mine areas or drilling activities, can 
also be controlled to prevent release of sediments and contaminated runoff. 

Groundwater 

Groundwater and surface water interactions are common in the hydrogeologic cycle. At mining sites, 
those interactions are often enhanced. Groundwater can migrate to existing mine pit lakes or evaporation 
ponds, or be recharged from surface mine units. Mine pit water is generally removed to evaporation ponds 
or treated and discharged to surface waters or injected into the aquifer. It also is often used in the milling 
processes. Water may flow out of and transport chemicals from mine pit lakes into alluvial and bedrock 
groundwater flow systems, particularly during periods of high precipitation. Groundwater inflow to pit 
lakes, streams, buried trenches, or surface ditches may also result in the transport of chemicals from 
subsurface environments to surface waters, including the transfer of chemicals in suspended sediments. 

Pumpback well systems are sometimes used to extract a portion of mineralized groundwater or pit 
seepage water that could migrate off-site and impact neighboring or nearby human or ecological 
receptors. The effluent is then pumped and released to lined evaporation ponds, resulting in an 
accumulation of potentially contaminated sediment. Chemical precipitate accumulations can also occur in 
active pumpback water systems and evaporation ponds. Losses of dewatering effluent from pipelines 
carrying water from mine pits, holding ponds, or from pumpback water systems can be a potential source 
of soil and groundwater contamination. 

Examples of Environmental Damages to the Aquatic Environment 

There is one CERCLA site within the Blackfoot River sub basin where REE-containing mineral deposits 
were mined (U.S. Forest Services, 2011). An Administrative Order of Consent for South Maybe Canyon 
Mine Site was entered into by the U.S. Forest Service and Nu-West Mining, Inc., in June 1998. The 
primary reason for the order was the release of hazardous substances, including selenium, from the site 
into groundwater and surface waters above Idaho state water quality standards. It should be noted that 
rare earth metals were not identified as hazardous substances that had been released from the site. The 
South Maybe Canyon Mine was developed for the production of phosphate, and REEs were recovered as 
a byproduct (Long et al., 2010). This mine has been identified as a possible source of REEs for future 
development. 

In March 2010, the EPA imposed administrative penalties against Upland Wings, Inc. for Clean Water 
Act violations at the former Pea Ridge Mining Operation in Washington County, Missouri. Violations 
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were associated with the discharge of metals and other constituents (i.e., oil and grease, copper, 
chromium, cadmium, iron, lead, and total suspended solids) in concentrations that exceeded permitted 
levels. Earth-moving equipment was also used to dredge iron ore tailings from settling ponds and to 
dispose of the materials in a nearby creek without a permit that affected nearby wetlands. 

6.1.1.2 Air Pathway 

Fugitive Dust 

Direct exposure of humans can occur from inhalation of fine dusts (i.e., particulates) or by ingestion or 
dermal contact of contaminated dusts. Particulates or fugitive dust from storage piles, conveyor systems, 
site roads, or other areas can be transported by wind and may be deposited and accumulated in downwind 
areas, including surface soils and surface water bodies (e.g., ponds, pit lake), or be inhaled by site workers 
and nearby residents. Dust can be an irritant, a toxicant, or a carcinogen, depending on the particles’ 
physicochemistry, and can be composed of inorganic and organic chemicals. However, the presence of 
physical barriers, such as vegetation or structural foundations, may dampen or reduce the transport of 
particles as wind-blown dust. Accumulated mine sediments or dust may become secondary sources of 
chemicals transported to groundwater via leaching and percolation. 

Aerosols and Chemical Vapors 

Mine workers can be exposed to aerosols from numerous processes, including comminution (i.e., the 
process in which solid materials are reduced in size by crushing, grinding, and other techniques), re-
entrainment (i.e., air being exhausted is immediately brought back into the system through the air intake 
and/or other openings), and combustion sources. Aerosols are dispersed mixtures of dust and/or chemical-
containing water vapor. Cutting, drilling, and blasting of the parent rock, especially in underground 
mines, creates aerosols with a composition similar to the parent rock. As previously discussed, 
comminuting the ore underground is sometime practiced for efficient transport out of the mine area, and 
aerosols can accumulate in these areas. The dusts from ore mineral liberation and separation steps settle to 
other areas such as ventilation systems, roadways, work areas, and nearby surrounding areas. Aeration 
ponds are sometimes used to treat waste waters on a mine site, and the aerators used to disturb the surface 
of the water can create aerosols; the problem can become worse if surfactants are used and not managed 
properly. Aerosols can potentially accumulate along perimeter areas of ponds and lagoons and 
contaminate soils, sediments, surface water, and shallow groundwater through deposition and transport.  

Radioactivity 

Lanthanides and yttrium are recovered primarily from ores and minerals that naturally contain uranium 
and thorium; however, some level of radioactive materials is found in association with many REE 
deposits. As a result, the waste rock and sludges from the extraction of rare earths also contain these 
radionuclides and are considered Technologically-Enhanced, Naturally-Occurring Radioactive Materials 
(TENORM). TENORM wastes contain radionuclides in concentrations that could give rise to 
unacceptable radiation levels. The EPA has estimated that levels of naturally occurring radioactivity 
contained in common rare earth (e.g., monazite, xenotime, bastnasite) deposits in the United States range 
from 5.7 to 3,224 picoCuries per gram (pCi/g). The USGS has estimated uranium and thorium content of 
minerals found in REE deposits. Additional information can be found in Long et al., 2010. Radioactive 
elements, such as thorium and uranium, can concentrate in mining dusts and sediments that must be 
managed. Radon gas can also be emitted from these sources. Transport of particulates containing uranium 
and thorium may occur by any of the transport pathways described above. Acidic groundwater and 
surface water and low concentrations of organic material in soils can contribute to the mobility and 
transport of radioactive materials. Accumulations of sediments deposited by runoff and dusts also can 
concentrate radioactive materials. External exposure to naturally occurring radiation and radon gas is 
often limited to soil or waste materials that are within several inches of the ground or pile surface; 
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radioactive materials found deeper in the soil column or accumulated sediments are generally shielded by 
the top layer of soil. Geometric attenuation generally limits the external radiation from naturally 
radioactive materials with no interposed shielding materials to within a few meters (i.e., less than 5 meters 
and often less than 1 to 2 meters from the source). Radioactivity can become concentrated in mineral 
scales that develop in groundwater recovery wells, holding tanks, aeration ponds, and milling processes 
areas. Inhalation of contaminated dusts is generally of greatest concern for naturally occurring radioactive 
materials. 

Tailings storage facilities typically receive the bulk of processing water, which is normally recycled, but 
some of it could be released into the environment through seepage or overflows due to unusually high 
rainfall. The tailings storage facilities (TSF), when dry, usually represent the main source of 
radon/thorium and dust emissions to the environment. Special containment arrangements are required for 
the disposal of tailings generated during chemical and/or thermal processing of uranium and thorium-
bearing minerals to ensure that environmentally mobile radionuclides are not released into the 
surrounding environment. The disposal of contaminated equipment and materials also needs to be 
controlled. In addition, the possibility of off-site contamination from trucks and equipment moving off-
site needs to be considered. 

After milling and concentrating, the mineral is sometimes stockpiled at the mine site prior to transport to 
the processing sites, and these stockpiles may contain radioactive minerals in concentrations sufficient to 
produce elevated radiation levels and radon. The stockpiles, therefore, need to be protected against 
unauthorized access and also against the possibility of the material spreading through wind saltation. 
Ideally, stockpiles containing radionuclides in concentrations that require signposting of areas as 
“supervised” and/or “controlled” should be located on a concrete slab to simplify the management and 
clean-up operations. 

The tailings from the separation and downstream processing of minerals may contain radionuclides in 
concentrations that could give rise to unacceptable levels of radiation and radon. Appropriate 
management is typically required, and the disposal of the waste will depend on the method used to 
process the mineral and on the respective levels of radiation and the concentration of radon gas emitted. 
The possibility of ground water contamination increases if chemical and/or thermal treatment of the 
mineral occurs (e.g., in the case of separating the heavy mineral sands). Otherwise, the radionuclides in 
the tailings could be considered as remaining bound in the individual mineral grains; therefore, the 
possibility of the contamination of groundwater by radionuclides from tailings is not considered to be less 
significant. Radium may be present in the tailings water, which would require removal before being 
disposed. 

Where any grinding, chemical, and/or thermal treatment of minerals containing radionuclides takes place, 
additional safeguards must be implemented due to the fact that secular equilibrium in both uranium and 
thorium decay chains may be disrupted. This could result in an increased environmental mobility of 
radionuclides, such as radium and radon. Cleaning of certain minerals prior to processing (such as, for 
example, the cleaning of the heavy mineral sand grains) may produce finely powdered waste (slimes). 
Slime wastes may have significant uranium or thorium content, and the disposal as radioactive waste may 
be required. 

The equipment used in downstream processing of minerals often becomes contaminated by NORM or 
TENORM. Contaminated equipment must either be disposed of properly, or thoroughly decontaminated 
prior to any re-use. Scales and sludge build on the inside surfaces of pipes and vessels used in chemical 
and thermal processing, and these materials often have elevated levels of radionuclides. 
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Regulation and guidance vary among federal agencies and organizations for the handling of TENORM 
waste and the associated environmental and health risks. The EPA (2000) began to address this issue in 
its work with the National Academy of Sciences in 1999. However, work is on-going to streamline policy 
and guidance related to TENORM.  

Example of Environmental Damage from Radioactivity 

An example of issues associated with radionuclides from the production of rare earths is occurring in 
Malaysia. According to a Physorg.com news article (Zappei, 2011), international experts are currently 
investigating whether a refinery being built by an Australian mining company, Lynas Corp. Ltd., to 
process rare earth minerals in Malaysia presents any threat of radioactive pollution. Malaysia’s last rare 
earth refinery in northern Perak state was closed in 1992 following protests and claims that it was the 
source of radionuclides that were identified as the cause of birth defects and leukemia among nearby 
residents. The refinery is one of Asia’s largest radioactive waste cleanup sites. The Pahang plant is meant 
to refine slightly radioactive ore from the Mount Weld mine in Western Australia, which will be trucked 
to Fremantle and transported to Malaysia by container ship. Lynas plans to begin operations at the 
refinery late in 2011 and could meet nearly a third of world-wide demand for rare earths, excluding 
China. 

Similar issues are being addressed for proposed rare earth production in the United States. Thorium waste 
will be produced along with rare earths mined from the proposed operations at Pea Ridge, Missouri. The 
owners of the mine have proposed to construct a rare earth refinery and regional thorium stockpile along 
the Mississippi River near St. Louis (Lambrecht, 2011). It is believed by the proponent that the thorium 
storage facility will help address environmental liability concerns in the production of rare earths. The 
thorium would be stockpiled in anticipation of using it for nuclear power production. Currently, the 
United States does not have a thorium fuel cycle, but China is reported to have thorium reactors in 
operation. Public concerns raise the issue of site clean-up that has occurred at former thorium production 
facilities once operated by the DOE. 

6.1.2 EPA Studies of Hardrock Mine Environmental Risks  
Generalized risk information is presented below from past studies of hardrock mines. The geologic 
environments where other types of metal mines are developed are often similar to geologic settings where 
REEs are found. In addition, mining and processing operations are similar to other hardrock mines. 
Therefore, past information gather by EPA to characterize the risks from hardrock mines is likely relevant 
to the risks from the mining of REEs. 

6.1.2.1 Environmental Impacts from CERCLA Sites 
Collected human and ecological risk information (U.S. EPA, 2011d) was summarized from a subset of 25 
National Priority List hardrock mining and mineral processing sites by EPA and is presented here in 
relation to risks that could also be typical from a hardrock mining operation for REEs. The summary of 
the contaminant sources, primary transport media or pathway, routes, and the receptors is provided in 
Figures 6-2 (human receptor) and 6-3 (ecological receptor). The sample set of NPL sites represents those 
listed on the NPL post-1980, and it is thought that these sites likely represent the conditions that could be 
found at modern mine sites. It could then be expected that similar source, fate, and transport scenarios 
could be related to REE mining and processing facilities. 
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SOURCES PATHWAYS

Groundwater
Sediment
Soil
Surface Water
Vadose Zone

ROUTE

Dermal Contact
External Radiation
Ingestion of

Food-Plants
Food-Birds
Food-Mammals
Food-Terrestrial
Food-Benthic
Food-Fish
Food-Aquatic Plants
Food-Aquatic

Inhalation
Combined Routes

RECEPTORS

Occupational (Agricultural)
Occupational (Construction)-Current
Occupational (Construction)-Future
Occupational (Dredging)-Future
Occupational (Industrial)-Current
Occupational (Industrial)-Future
Occupational(Not Specified)-Current
Occupational(Not Specified)-Future
Recreational-Current
Recreational-Hiker
Residential-Current
Residential-Future
Site Visitor
Trespasser-Current 
Trespasser-Future

CONTAMINANT  RELEASE CONTAMINANT TRANSPORT CONTAMINANT FATE

NPL Sites

Removal Sites

PATHWAYS

Air
Groundwater
Soil 
Surface Water

ROUTE

Dermal Contact
Inhalation
Ingestion

RECEPTORS 

Occupational
Recreational-Current
Residential-Current
Trespasser-Current

Acid Mine/Rock Potliners
     Drainage Pressing Ponds
Asbestos Fibers Process Fluids

Process Stacks Emissions
Demolition Dumps Quartzite Dust Slurry
Deposition Radioactive Waste Piles
Dredged Sediments Run-off
Flue Dust Sewage Sludge
Fugitive Dust
Housekeeping Debris
Incinerator Ash Storage Tanks
Iron-rich Liquid Acid Sulfate Residuals
Metal Ore Waste Tailings
Non-Contacting Cool Transformers
    Water Effluent Treater Dust Stock Piles
Ore Slimes Underflow Solids Piles
Ore/Nodule Stockpiles Unlined Pits
Overburden Waste Drums
Overburden Waste Piles

Waste Rock

SOURCES

Adit Drainage Overburden
Adits Raffinate Leachate

 Tailings
     Vat Leachate Tailings
Condenser Waste Waste Drums
Manual/Aerial Waste Rock Piles
     Deposition Water Drainage
Mill Foundation
Mill Tailings
Mine Waste

 

Figure 6-2. Sources of potential human exposures resulting from mining operations (U.S. EPA OCRC, 2010). 
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CONTAMINANT  RELEASE CONTAMINANT TRANSPORT CONTAMINANT FATE

SOURCES

Adit Drainage Ore Stockpiles
Adits Overburden
Airborne Emissions Phossy Water
ARD Potliners
Process Residues
Process Stacks  Air Emissions
 Quartzite Dust  Slurry
Run-off
Condenser Waste

 
Debris Sludge
Exposed Mineralized Spent Mineral 
     Bedrock      Waste
Fuel/Oil Spent Ore
Fugitive Dust Tailings
Leachate Treater Dust 
Manual/Aerial      Stock Piles
     Deposition Underflow Solids 
Mine Waste      Piles
Municipal Waste Vat Leachate 
Nodule Stockpiles      Tailings
Non-Contacting Cool Waste Drums
     Water Effluent Waste Piles

Waste Rock
Wastewater
Water Drainage    

PATHWAYS
Food-Aquatic Invertebrates
Food-Aquatic Plants
Food-Benthic Invertebrates
Food-Birds
Food-Fish
Food-Mammals
Food-Plants
Food-Terrestrial Invertebrates
Food-Terrestrial Plants
Groundwater
Plants
Sediment
Soil 
Soil Invertebrates
Subsurface Soil
Surface Soil
Surface water
Water 

ROUTE
Dermal Contact
Ingestion
Inhalation
Combined Routes
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Figure 6-3. Sources of potential exposures of current and future ecological receptors resulting from mining operations 
(U.S. EPA ORCR, 2010).
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From a previous study (U.S. EPA, 1995) of risks to human health and the environment from hardrock 
mines, it was concluded that the 66 hardrock mining cases illustrated that significant human health and 
environmental damages were caused by the management of wastes from mining and mineral processing, 
particularly placement in land-based units. Molycorp Minerals rare earth mine in Mountain Pass, CA, was 
one of the sites included in the study. Wastes subject to the RCRA Bevill Amendment were found to be 
the cause of the damages. These damages occurred in all hardrock mining sectors and across all 
geographic regions of the United States. Table 6-2 excerpted from the report summarizes the type of 
impacts. 

Table 6-2. Frequency of Various Types of Impacts from CERCLA Sites (U.S. EPA, 1995) 

Type of Impacts 
Portion of Damage Cases 

(Total NPL Sites = 66) 

Surface water contamination 70 percent of cases 
Ground water contamination 65 percent 
Soil contamination 50 percent 
Human health impacts 35 percent 
Flora and fauna damage 25 percent 
Air dispersion or fugitive emissions 20 percent 

6.1.2.2 Acid Mine Drainage at CERCLA Sites 
In another review by EPA of 156 hardrock mine sites, the results showed that approximately 30 percent 
(or about 45) of the sites had problems with acid mine drainage (U.S. EPA, 2004). The report also 
suggested that acid mine drainage occurred most often in EPA Regions 8, 9, and 10. The EPA OIG 
(2004) also reiterated the concern from the National Wildlife Federation that sites where AMD is present 
should be carefully monitored as “the presence of acid mine drainage is either underestimated or ignored 
until it becomes evident, at which time the costs often exceed the operator’s financial resources, leading 
to bankruptcy or abandonment of the site in many cases.” As previously stated, it is not anticipated that 
the mining of REE will typically produce AMD given the typical geochemistry of these deposits. 

6.1.2.3 Prospective REE Mining Sites and CERCLA Review 
A comparison of USGS (Orris et al., 2002) data and EPA CERCLA documents revealed four mines that 
have been damage case sites. While these sites are not yet being mined for REEs, they have been 
identified as potential future sources: 

 Maybe Canyon Phosphate Mine (Superfund site); 
 Mountain Pass REE Mine (when owned by Union Oil Company of California (Unocal); not to be 

confused with current owner, Molycorp Minerals, LLC); 
 Smoky Canyon Phosphate Mine (Superfund site); and 
 Bokan Mountain Uranium Mine (not on NPL but Federal Facilities review site). 

Releases of radionuclides were the environmental impacts that were investigated for both Mountain Pass 
and Bokan Mountain mines. Maybe Canyon Mine was in operation between 1977 and 1984. 
Approximately 120 acres of waste rock (29 million cubic yards) was present from which selenium and 
other hazardous substances were reported to have contaminated ground water and surface water (U.S. 
Department of Agriculture, 2011). Selenium contamination is a common problem at phosphate mines and 
it was also found to be an environmental contaminant of concern at the Smoky Canyon Mine.  
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6.2 Pathway and Exposure Scenarios for REE-Recycling 
During collection of items to be recycled, exposure to hazardous materials is likely to be minimal and, if 
occurring, will likely result from either dermal or inhalation exposures to materials released from 
damaged items. Similarly, when done properly, manual dismantling is likely to have a low potential for 
worker risks resulting from exposure to hazardous materials. Mechanical dismantling and shredding can 
generate dust containing hazardous components. If not properly controlled, the dust can result in 
inhalation or dermal exposures to workers. Dust control is particularly important when the items being 
shredded contain brominated flame retardants, because high temperatures during shredding could result in 
the formation of dioxins (Schluep et al., 2009). 

Leaching processes using liquids such as nitric acid or aqua regia can cause release of nitrogen oxide or 
chlorine gases and therefore must be controlled to prevent human and environmental impacts. In other 
processes that use strong acids or bases, safe handling of chemicals and disposal of resulting waste 
streams is important to protect workers and the environment. Thermal processes used for recycling can 
result in air emissions, liquid wastes, and solid waste streams. As for mineral processing, TENORM is a 
safety and environmental concern related to the recycling of metals. Again, proper controls and handling 
are necessary to prevent human exposures and environmental impacts. 

 As reported by Schuler et al. (2011), when compared with primary processing, recycling of REEs will 
provide significant environmental benefits with respect to air emissions, groundwater protection, 
acidification, eutrophication, and climate protection. This report also states that the recycling of REEs 
will not involve the majority of the impacts from mining operations and the impacts that can result from 
radioactive impurities, as is the case with primary production of metals. As previously noted in Section 5, 
a large percentage of REE-containing materials are shipped to developing countries where they are 
recycled using informal processes. These informal operations can include manual dismantling, open 
burning to recover metals, de-soldering of printed wiring boards over coal fires, and acid leaching in open 
vessels, as illustrated in Figure 6-4. In almost all cases, these operations are uncontrolled and can lead to 
human exposure and extensive environmental damage. In addition, the processes used are generally less 
efficient and result in lower materials recovery than from more formal or established methods. 
Environmental regulations would prevent these types of uncontrolled REE recycling and metal recovery 
operations from establishing in the United States.  

 

Figure 6-4. “Low–tech” gold recycling in Bangalore/India 
(Schluep et al., 2009). 
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6.3 Documented Human Health and Ecological Effects from Exposure to REE 
In general, limited toxicological or epidemiological data are available to assess the potential human health 
effects of REEs. A literature search was conducted to identify human health, epidemiology, and toxicity 
studies on REEs. The identified literature was briefly reviewed and summarized in tables provided later in 
this section. Many studies examined mixtures of REEs, rather than individual elements. Respiratory, 
neurological, genotoxicity, and mechanism of action studies were identified. As evidenced by additional 
literature cited in secondary sources, an additional literature search should be conducted and the literature 
review summaries presented here should not be considered comprehensive. Many studies were conducted 
by Chinese investigators and are not available in English (only the abstracts were available in English).  

REEs are broadly grouped into “light” (La, Ce, Pr, Nd, Sm, Eu, and Gd) and “heavy” (Y, Tb, Dy, Ho, Er, 
Tm, Yb, and Lu) classes (Wells and Wells, 2001, as cited by U.S. EPA, 2009b, 2009c, 2009d). For any 
given lanthanide, soluble forms include chlorides, nitrates, and sulfates, while insoluble forms include 
carbonates, phosphates, and hydroxides. The larger, lighter (smaller atomic number), and less soluble ions 
have been observed to deposit primarily in the liver, while the smaller, heavier (larger atomic number), 
and more soluble ions are similar in ionic radius to divalent calcium and distribute primarily to bone 
(Wells and Wells, 2001, as cited by U.S. EPA, 2009a, 2009b, 2009c). Because distinguishing individual 
lanthanides is analytically challenging, it is has been difficult to discern the effects of the individual 
lanthanides—both in human cases and animal studies. In addition, the co-occurrence of radioactive 
lanthanides, thorium isotopes, and silica dust has complicated the interpretation of toxicity—especially 
with regard to human exposures (Palmer et al., 1987, as cited by U.S. EPA, 2009b, 2009c, 2009d). 

The pulmonary toxicity of inhaled REEs has been the subject of debate, especially with regard to the 
relative contributions of radioactive contaminants versus stable elements in the development of 
progressive pulmonary interstitial fibrosis (Haley, 1991; U.S. EPA, 2007b). In particular, although it is 
understood that stable REE compounds can produce a static, foreign-body-type lesion consistent with 
benign pneumoconiosis; it is uncertain whether they can also induce interstitial fibrosis that progresses 
after the termination of exposure. Human inhalation toxicity data on stable REEs mainly consist of case 
reports on workers exposed to multiple lanthanides (U.S. EPA, 2007b).  

EPA has reviewed the human health toxicity for a few REEs in its Integrated Risk Information System 
(IRIS) and Provisional Peer-Reviewed Toxicity Values (PPRTV) programs. Human health benchmark 
values (where derived) and background toxicity information are summarized below (presented 
alphabetically by REE); the reader is referred to these health benchmark technical background documents 
for additional detailed information. EPA has not reviewed the toxicity of dysprosium, erbium, europium, 
holmium, lanthanum, scandium, terbium, thulium, ytterbium, or yttrium. 

 Cerium – In a 2009 IRIS assessment on cerium oxide and cerium compounds, available human 
and animal studies demonstrated that ingested cerium may have an effect on cardiac tissue 
(endomyocardial fibrosis) and hemoglobin oxygen affinity; however, data were insufficient to 
derive an oral Reference Dose (RfD). An inhalation Reference Concentration (RfC) of 9E-4 
mg/m3 was derived based on increased incidence of alveolar epithelial hyperplasia in the lungs of 
rats. The lung and lymphoreticular system effects reported in the principal study are consistent 
with effects observed in humans, which were characterized by the accumulation of cerium 
particles in the lungs and lymphoreticular system and histologic effects throughout the lung. Data 
are unavailable regarding the carcinogenicity of cerium compounds in humans or experimental 
animals (U.S. EPA, 2011d). 

 Gadolinium – In a 2007 PPRTV document, minimal effects on body weight gain and liver 
histology were reported following ingestion of gadolinium in rats. Pulmonary histopathological 
changes with manifestations that included decreased lung compliance and pneumonia leading to 
mortality were observed in mice and guinea pigs subchronically exposed to gadolinium oxide via 
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inhalation. Data were insufficient to derive any quantitative health benchmarks. Gadolinium was 
assigned a weight-of-evidence description of “inadequate information to assess carcinogenic 
potential” (U.S. EPA, 2007a). 

 Lutetium – In a 2007 PPRTV document, a subchronic oral provisional RfD (p-RfD) of 9E-4 
mg/kg/day was derived based on a stand-alone no observed adverse effect level (NOAEL) in 
mice; there are no data to indicate the toxicological endpoint(s) or target organ(s) of oral exposure 
to lutetium. A comprehensive assessment of human and animal data by Haley (1991) concluded 
that the evidence suggests that inhalation exposure to high concentrations of stable REEs can 
produce lesions compatible with pneumoconiosis and progressive pulmonary fibrosis, and that the 
potential for inducing these lesions is related to chemical type, physiochemical form, and dose 
and duration of exposure. Data were insufficient to derive an inhalation RfC. Lutetium was 
assigned a weight-of-evidence description of “inadequate information to assess carcinogenic 
potential” (U.S. EPA, 2007b). 

 Neodymium –A subchronic oral p-RfD of 5E-1 mg/kg/day was derived for neodymium based on 
a freestanding NOAEL in rats (no effects on body weight, hematology, and histopathology) in a 
2009 PPRTV document (subchronic p-RfD = 8E-1 mg NdCl3/kg/day). Data were insufficient to 
derive an inhalation RfC. Neodymium was assigned a weight-of-evidence description of 
“inadequate information to assess carcinogenic potential” (U.S. EPA, 2009b). 

 Praseodymium – In a 2009 PPRTV document, a subchronic oral p-RfD of 5E-1 mg/kg/day was 
derived for praseodymium based on a freestanding NOAEL in rats (no effects on body weight, 
hematology, and histopathology) (subchronic p-RfD = 8E-1 mg PrCl3/kg/day). Data were 
insufficient to derive an inhalation RfC. Praseodymium was assigned a weight-of-evidence 
description of “inadequate information to assess carcinogenic potential” (U.S. EPA, 2009b). 

 Promethium – Although a 2007 PPRTV document was prepared for promethium, no human 
health benchmarks were derived due to lack of data. Promethium was assigned a weight-of-
evidence description of “inadequate information to assess carcinogenic potential” (U.S. EPA, 
2007c). 

 Samarium – In a 2009 PPRTV document, a subchronic oral p-RfD of 5E-1 mg/kg/day was 
derived for samarium chloride based on a freestanding NOAEL in rats (no effects on body 
weight, hematology, and histopathology) (subchronic p-RfD = 9E-1 mg SmCl3/kg/day). A lowest 
observed adverse effect level (LOAEL) was reported for increased relative pancreas and lung 
weights and increased malondialdehyde concentrations in liver tissues of rats exposed to 
samarium nitrate in drinking water. Data suggest that different chemical forms of samarium have 
different toxic potencies. A subchronic study in samarium nitrate suggests a LOAEL point of 
departure more than 2000 times lower than the NOAEL point of departure for samarium chloride. 
In the absence of evidence explaining the large differences in apparent toxicity between the 
chloride and nitrate salts, the p-RfD for samarium chloride should be used with caution. The large 
differences in acute and subchronic toxicity preclude generalization of the p-RfD for samarium 
chloride to other samarium compounds. A screening subchronic oral p-RfD of 2E-5 mg/kg/day 
was also derived for samarium nitrate based on a freestanding NOAEL in rats (no effects on body 
weight, hematology, and histopathology) (screening subchronic p-RfD = 4E-5 mg 
(SmNO3)3/kg/day). Data were insufficient to derive an inhalation RfC. Samarium was assigned a 
weight-of-evidence description of “inadequate information to assess carcinogenic potential” (U.S. 
EPA, 2009d). 

In addition to the EPA documents discussed above, Toxicology Excellence for Risk Assessment (TERA) 
(1999) conducted a literature review for the Bureau of Land Management (BLM) examining the health 
effects of lanthanides and developed non-radiological, non-cancer risk assessment values for the oral 
and/or inhalation routes of exposure. Human health benchmark values are summarized in Table 6-3, 
below.  
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Table 6-3. REEs and Available RfCs and RfDs 

REE Benchmark Value Source 

Ceric oxide as Ce RfC 3E-4 mg/cu.m TERA, 1999 
Cerium oxide as Ce RfC 9E-4 mg/cu.m U.S. EPA, 2011d 
Europium chloride as Eu RfD 3E-2 mg/kg-day TERA, 1999 
Europium oxide as Eu RfD 2E-3 mg/kg-day TERA, 1999 
Gadolinium oxide as Gd RfC 2E-3 mg/cu.m TERA, 1999 
Lanthanum carbonate as La RfD 5E-1 mg/kg-day NSF International, 2010 
Lanthanum chloride as La RfD 5E-3 mg/kg-day TERA, 1999 
Lanthanum oxide as La RfD 2E-2 mg/kg-day TERA, 1999 
Lutetium chloride as Lu s-RfD 9E-4 mg/kg-day U.S. EPA, 2007b 
Neodymium chloride as Nd s-RfD 5E-1 mg/kg-day U.S. EPA, 2009a 
Praseodymium chloride as Pr s-RfD 5E-1 mg/kg-day U.S. EPA, 2009b 

Samarium chloride as Sm s-RfD 5E-1 mg/kg-day U.S. EPA, 2009c 
Samarium nitrate as Sm s-RfD 2E-5 mg/kg-day U.S. EPA, 2009c 
Scandium oxide as Sc RfD 5E-3 mg/kg-day TERA, 1999 
Yttrium chloride as Yt RfD 4E-3 mg/kg-day TERA, 1999 

Additional primary toxicity studies were identified through the literature search and the objectives and 
key findings are briefly summarized in Table 6-4, below; the information is organized by REE.  

Table 6-4. Selected Toxicity and Epidemiology Findings for Rare Earth Elements, 

REE(s) Citation Objective/Purpose Key Findings 

Cerium Gómez-Aracena et al., 
2006. Toenail cerium levels 
and risk of a first acute 
myocardial infarction: The 
EURAMIC and heavy 
metals study. Chemosphere 
64:112-120 

Examine the association 
between cerium exposure 
and risk of first acute 
myocardial infarction (AMI) 
in a case-control study in 
Europe and Israel. 

Cases had significantly higher levels 
of cerium than controls after various 
adjustments. Results suggest that 
cerium may possibly be associated 
with an increased risk of AMI. 

Cerium McDonald et al., 1995. Rare 
earth (cerium oxide) 
pneumoconiosis: analytical 
scanning electron 
microscopy and literature 
review. Mod Pathol 8:859-
865 

Describe a male patient’s 
respiratory effects; patient 
had a chronic history of 
optical lens grinding, an 
occupation associated with 
exposure to cerium oxide.  

Patient presented with progressive 
dyspnea and an interstitial pattern 
on chest X-ray; open lung biopsy 
showed interstitial fibrosis, while 
scanning electron microscopy 
demonstrated numerous particulate 
deposits in the lung (most containing 
cerium). This is one of the first cases 
to describe RE pneumoconiosis 
associated with pulmonary fibrosis in 
the occupational setting of optical 
lens manufacture.  

Cerium, 
lanthanum, 
neodymium 

Palmer et al.,1987. 
Cytotoxicity of the rare earth 
metals cerium, lanthanum, 
and neodymium in vitro: 
comparisons with cadmium 
in a pulmonary macrophage 
primary culture system. 
Environ Res 43:142-56. 

Evaluate cerium, lanthanum, 
and neodymium in an in 
vitro cytotoxicity assay 
system using rat pulmonary 
alveolar macrophages. Both 
the soluble chloride form 
and their insoluble metal 
oxides were studied.  

The results suggest that rare earth 
metal fumes should be considered 
as cytotoxic to lung tissue and 
potentially fibrogenic. 
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REE(s) Citation Objective/Purpose Key Findings 

Gadolinium Bussi et al., 2007. 
Toxicological assessment of 
gadolinium release from 
contrast media. Exp Toxicol 
Pathol 58:323-330 

In vivo gadolinium release 
was evaluated for 3 
magnetic resonance 
imaging (MRI) contrast 
agents estimating 
gadolinium content in liver, 
kidneys, spleen, femur and 
brain after single or 
repeated intravenous 
administrations to rats. 
Gadolinium acetate (GdAc) 
was used as a positive 
control. 

No blood chemistry, hematology, or 
histopathology changes were seen 
with the tested contrast media, 
whereas increased white blood cell 
count and serum cholesterol were 
found after GdAc. 

Gadolinium Perazella, 2009. Current 
status of gadolinium toxicity 
in patients with kidney 
disease. Clin J Am Soc 
Nephrol 4: 461-469. 
 

Examine the possibility of 
nephrotoxicity from 
gadolinium-based contrast 
(GBC) in humans.  

Reports of a rare systemic fibrosing 
condition called nephrogenic 
systemic fibrosis (NSF) were linked 
to exposure of patients with 
advanced kidney disease to certain 
GBC agents. Only patients with 
advanced acute or chronic kidney 
disease were found to be at risk for 
developing NSF. 

Gadolinium Sharma, 2010. Gadolinium 
toxicity: epidermis thickness 
measurement by magnetic 
resonance imaging at 500 
MHz. Skin Res Technol 16: 
339-353. 
 

Assess the contrast agent 
gadolinium toxicity on mice 
skin by measuring regional 
epidermal thickening and 
hair follicle width resulting 
from delayed gadolinium 
contrast MRI. 

Gadolinium treatment showed skin 
toxicity as epidermis thickening due 
to the use of high concentrations of 
gadolinium in microimaging. 

Gadolinium, 
lanthanum 
 

Yongxing et al., 2000. 
Genotoxicity of Lanthanum 
(III) and Gadolinium (III) in 
Human Peripheral Blood 
Lymphocytes. Bull Environ 
Contam Toxicol 64: 611-
611. 

Examine the genotoxicity of 
trivalent lanthanum and 
trivalent gadolinium in 
human peripheral blood. 

Micronuclei frequency increased in a 
dose-dependent manner upon 
exposure to both rare-earth 
elements. Significant differences in 
single-stranded DNA breaks and 
unscheduled DNA synthesis. 

Gadolinium, 
samarium 

Haley et al., 1961. 
Toxicological and 
pharmacological effects of 
gadolinium and samarium 
chlorides. Brit J Pharmacol 
17:526–532. 

Examine the effects of 
SmCl3 or GdCl3 in food of 
rats for 12 weeks. Body 
weight, hematology, and 
histology were assessed.  

Among Sm-treated animals, no 
exposure-related histopathological 
or other changes were observed. 
Minimally decreased body weight 
gain and liver histological alterations 
were reported in male, but not 
female, Gd-treated rats. 

Holmium Qiu et al., 2008. Current 
Research in Toxicology and 
Application of Rare-earth 
Element Holmium. Huanjing 
yu Zhiye Yixue 25:207-208 

Review the potential 
cytotoxicity, genotoxicity, 
and biochemical toxicity of 
holmium. 

NA 
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REE(s) Citation Objective/Purpose Key Findings 

Lanthanum Damment et al., 2005. 
Evaluation of the potential 
genotoxicity of the 
phosphate binder 
lanthanum carbonate. 
Mutagenesis 20:29-37 

Lanthanum was evaluated 
for potential genotoxicity 
using a range of in vitro 
assays (as the carbonate) in 
the presence and absence 
of post-mitochondrial 
fraction (S9) and in vivo in 
tests for mutagenicity and 
clastogenicity (as the 
carbonate and chloride). 

The drug was devoid of mutagenic 
activity in bacterial assays 
(Salmonella typhimurium TA1535, 
TA1537, TA1538, TA98, TA100 and 
TA102 and Escherichia coli WP2 
uvrA and WP2 uvrA pkm101). No 
effects were seen in the hgprt gene 
mutation assay in Chinese hamster 
ovary cells in the presence of S9. 
Authors concluded that lanthanum is 
not genotoxic. 

Lanthanum Feng et al., 2006. 
Neurotoxicological 
consequence of long-term 
exposure to lanthanum. 
Toxicol Lett 165:112-120 

Study whether subchronic 
lanthanum [chloride] 
exposure affects nervous 
system function in rats. 

Neurobehaviorial effects (as 
observed by Morris water maze test) 
were reported, as well as inhibited 
Ca(2+)-ATPase activity, disturbed 
central cholinergic system function, 
and decreased monoamines 
neurotransmitters. Chronic exposure 
to lanthanum may impair learning 
ability, possibly due to the 
disturbance of the homeostasis of 
trace elements, enzymes, and 
neurotransmitter systems in brain. 

Lutetium Haley et al., 1964a. 
Pharmacology and 
toxicology of lutetium 
chloride. J Pharm Sci 
53:1186-1188. 

Examine the effects of LuCl3 
in food of rats for 90 days. 
Body weight, hematology, 
and histology were 
assessed.  

No exposure-related 
histopathological or other changes 
were observed. 

Monazite Katsnelson et al., 2009. 
Toxicity of monazite 
particulates and its 
attenuation with a complex 
of bio-protectors. Med Lav 
100:455-470 

Study the health effects of 
monazite particles in rats. 

Intratracheal injection of monazite 
resulted in cytotoxicity, fibrogenicity, 
systemic toxicity, and genotoxicity. 

Multiple Bryan-Lluka and Bonisch 
1997. Lanthanides inhibit 
the human noradrenaline, 
5-hydroxytryptamine and 
dopamine transporters. 
Naunyn Schmiedebergs 
Arch Pharmacol 355:699-
706 

Determine the effects of 
lanthanides on the activities 
of the human noradrenaline, 
5-hydroxytryptamine (5-HT), 
and dopamine transporters. 

Lanthanides 1) cannot substitute for 
Na+ in the transport of substrates by 
monoamine neurotransmitter 
transporters and 2) inhibit the latter 
transporters by interacting with sites 
of the transporters involved in amine 
and Na+ binding. 

Multiple Fan et al., 2004. [Study on 
the effects of exposure to 
REEs and health-responses 
in children aged 7-10 years]. 
Wei Sheng Yan Jiu 33: 23-
28 

Study effects of 
environmental exposure to 
REEs on children’s health. 

Reported effects included significant 
differences in immunological 
parameters (IgM, CD3, CD4, 
CD4/CD8) , lower IQ scores, 
decreased percentage of high IQ, 
and increased percentage of low IQ. 

Multiple Haley. 1991. Pulmonary 
toxicity of stable and 
radioactive lanthanides. 
Health Phys 61:809-820 

Examine whether lanthanide 
dusts that are devoid of 
radioactive contaminants 
are capable of producing 
progressive pulmonary 
disease, or are lanthanide-
induced lesions more 
appropriately termed 
"benign pneumoconiosis". 

Author reviews available 
epidemiological and animal data and 
concludes that the pulmonary 
syndrome induced by stable rare 
earths includes progressive 
pulmonary fibrosis and should not 
be referred to as "benign 
pneumoconiosis." 
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REE(s) Citation Objective/Purpose Key Findings 

Multiple Hirano and Suzuki. 1996. 
Exposure, metabolism, and 
toxicity of rare earths and 
related compounds. Environ 
Health Perspect 104 Suppl 
1: 85-95 

Provide an overview of the 
metabolism and health 
hazards of REEs. 

NA 

Multiple Ji and Cui 1988. 
Toxicological studies on 
safety of rare earths used in 
agriculture. Biomed Environ 
Sci 1:270-276. 

Studied the toxicity of a 
mixture of rare earth metal 
nitrates (Ce, La, Nd, Pr, and 
Sm) used in agricultural 
operations. 

In mice, rats, and guinea pigs, the 
oral LD50 ranged from 1397 to 1876 
mg/kg; absorption in the 
gastrointestinal tract was low. Mild 
skin and eye irritation were reported 
in dermally exposed rabbits. No 
biochemical and histopathological 
effects were reported in monkeys or 
rats following subchronic exposure. 
No teratogenic effects were 
observed in rats. Ames mutagenicity 
tests were negative. The authors 
conclude that 60 mg/kg should be 
considered a NOAEL for the RE 
nitrate mixture, with an acceptable 
daily intake (ADI) of 0.6 mg/kg/day 
resulting. 

Multiple Palasz and Czekaj. 2000. 
Toxicological and 
cytophysiological aspects of 
lanthanides action. Acta 
Biochim Pol 47:1107-1114 

Review the toxicological 
effects of several 
lanthanides. 

Gadolinium selectively inhibits 
secretion by Kupffer cells and 
decreases cytochrome P450 activity 
in hepatocytes. Praseodymium ion 
produces the same effect in liver 
tissue cultures. Lanthanides’ 
cytophysiological effects may result 
from the similarity of their cationic 
radii to the size of Ca2+ ions. 
Trivalent lanthanide ions, especially 
La3+ and Gd3+, block different 
calcium channels in human and 
animal cells. Lanthanides (Dy3+, 
La3+, Mg2+, Eu3+, Tb3+) can affect 
numerous enzymes. Lanthanide 
ions regulate the transport and 
release of synaptic transmitters and 
block some membrane receptors of 
neurons. 

Multiple Sabbioni et al., 1982. Long-
term occupational risk of 
rare-earth pneumoconiosis. 
A case report as 
investigated by neutron 
activation analysis. Sci Total 
Environ 26: 19-32. 

A case of rare-earth (RE) 
pneumoconiosis in a 
photoengraver is discussed.  

Authors suggest that a relationship 
exists between pneumoconiosis and 
occupational exposure to RE dusts 
(La, Ce, Nd, Sm, Eu, Tb, Yb, and 
Lu). 

Multiple Sarkander and Brade. 1976. 
On the mechanism of 
lanthanide-induced liver 
toxicity. Arch Toxicol 36: 1-
17. 

Examine the effects of 
Pr(III), Nd(III), Sm(III), 
Gd(III), Dy(III), and Er(III) on 
rat liver nuclear in vitro RNA 
synthesis catalyzed by RNA 
polymerase B.  

The results indicate a primary ionic 
size-correlated interference of 
lanthanides with the nuclear control 
mechanisms of RNA synthesis. 
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Multiple Vocaturo et al., 1983. 
Human exposure to heavy 
metals. Rare earth 
pneumoconiosis in 
occupational workers. Chest 
83: 780-783. 

A case in a photoengraver is 
investigated with regard to 
potential RE 
pneumoconiosis.  

Chest x-ray films showed a severe 
pulmonary fibrosis; high RE 
concentrations were reported in the 
pulmonary and lymph node biopsy 
specimens. Results suggest that 
long-term accumulation of RE in the 
lungs played a role in the 
pathogenesis of the observed 
pulmonary fibrosis of the worker. 

Multiple Wu et al., 2003. [A case-
control study on the risk 
factors of leukemia in 
mining areas of rare-earth in 
South Jiangxi]. Zhonghua 
Liu Xing Bing Xue Za Zhi 
24: 879-882. 

Examine causes of leukemia 
in mining areas of REEs.  

Leukemia was associated with 
environmental pollution with REEs 
and organophosphorus pesticides. 

Multiple Yu et al., 2007. Effects of 
REEs on telomerase activity 
and apoptosis of human 
peripheral blood 
mononuclear cells. Biol 
Trace Elem Res 116: 53-59. 

Study effects of REEs on 
human telomerase and 
apoptosis of mononuclear 
cells from human peripheral 
blood (PBMNCs). 

Increased telomerase activity and 
percentages of cells in the S-phase 
and the G2/M phase in PBMNCs, 
but no effect on the apoptotic rate of 
PBMNCs. 

Multiple Yu et al., 2004. [Effects of 
rare earth compounds on 
human peripheral 
mononuclear cell 
telomerase and apoptosis]. 
Zhonghua Yu Fang Yi Xue 
Za Zhi 38: 248-251. 

Study effects of REEs on 
human telomerase and 
apoptosis of human 
peripheral mononuclear 
cells (PBMNs).  

The telomerase activity of PBMNs 
was higher than controls, and there 
is no effect on apoptotic rate of 
PBMNs, but may promote the diploid 
DNA replication, and increase the 
percentage of G2/M and S phase 
cells. 

Multiple Zhang et al., 2000. Chronic 
toxicity of rare-earth 
elements on human beings: 
implications of blood 
biochemical indices in REE-
high regions, South Jiangxi. 
Biol Trace Elem Res 73: 1-
17. 

Examine hematological 
parameters in humans with 
elevated REE exposures. 

Decreased total serum protein 
(TSP), albumin, beta-globulin, 
glutamic pyruvic transitanase, 
serium triglycerides, and 
immunoglobulin, and increased 
cholesterol were reported. 

Multiple Zhu et al., 2005. 
Investigation on liver 
function among population 
in high background of rare 
earth area in South China. 
Biol Trace Elem Res 104: 1-
8. 

Investigate health effects of 
long-term ingestion of REEs 
on Chinese villagers living in 
high-REE-background 
areas. 

Decreased serum total protein and 
globulin and albumin, and elevated 
IgM compared to controls. 

Neodymium Haley et al., 1964b. 
Pharmacology and 
toxicology of neodymium 
and neodymium chlorides. 
Toxicol Appl Pharmacol 
6:614–620. 

Examine the effects of 
NdCl3 in food of rats for 90 
days. Body weight, 
hematology, and histology 
were assessed.  

No exposure-related 
histopathological or other changes 
were observed. 

Neodymium, 
praseodymium 

Haley et al., 1964c. 
Pharmacology and 
toxicology of praseodymium 
and neodymium chlorides. 
Toxicol Appl Pharmacol 
6:614-620 

Investigate pharmacology 
and toxicology of 
praseodymium and 
neodymium chlorides in 
animals. 

Ingestion of PrCl3 for 12 weeks 
produced no hematological or 
histopathological changes. 
 



Rare Earth Elements Review  Section 6 – Human Health and Environmental Risks 

6-22 

REE(s) Citation Objective/Purpose Key Findings 

Samarium Weilin et al., 2006. Effects 
of samarium on liver and 
kidney of rats. J Rare Earths 
24:415–418. 

Study rats exposed to 
Sm(NO3)3 in drinking water 
for five months and examine 
for pathological changes.  

Increased relative pancreas and 
lung weights and increased liver 
MDA concentrations were reported 
at the lowest dose. 

Thulium Fan et al., 2005. Effects of 
Thulium Exposure on IQ of 
Children. J Environment and 
Health 22:256-256-257 

Study effects of 
environmental exposure to 
REEs on children’s 
intelligence. 

Significantly lower IQ score, 
decreased percentage of high IQ, 
and increased percentage of low IQ. 

The literature review also identified biomonitoring studies in humans and plants, and are briefly 
summarized in Table 6-5. Information on REE concentrations in human hair and bone in regions of 
Chinese ore mining, as well as in tumors, was of particular interest. There is also a growing concern about 
the environmental impact of REE-enriched fertilizers, as they have been commonly used in agricultural 
settings in China since the 1980s. In spite of their increasing use, evidence of the effects of REE-enriched 
fertilizers on plant growth and crop yield is conflicting (positive, negative, and no effects have all been 
reported). A robust evaluation is not possible because access to the journal sources is difficult and most of 
the available research is only available in Chinese. 

Table 6-5. Selected Biomonitoring Findings for Rare Earth Elements 

REE(s) Citation Objective/Purpose Key Findings 

Cerium Chua et al., 1998. 
Accumulation of 
Environmental Residues of 
Rare Earth Elements in 
Sugarcane. Environ Int 24: 
287-287. 

Leaves and roots of 
sugarcane and soil were 
exposed to radiolabeled 
Ce, and bioaccumulation in 
sugarcane was assessed. 

Cerium was adsorbed in leaves via the 
stoma and cuticle and then rapidly 
distributed to various parts of the plant 
(roots, stems, leaves). Exposure to 
contaminated soil resulted in 
accumulation in the roots, bagasse, 
leaves, and sugarcane juice. 

Cerium Höllriegl et al., 2010. 
Measurement of cerium in 
human breast milk and 
blood samples. J Trace 
Elements Med and Biol 
24:193-199. 

The relationship between 
Ce content in human breast 
milk and blood plasma or 
serum was evaluated. 

Cerium concentration in the breastmilk 
samples from Munich and Madrid 
showed low values. All (except 2) Ce 
concentrations in the German plasma 
samples were at the quantification limit, 
while the serum samples of the Spanish 
mothers showed cerium values ranging 
between 21.6 and 70.3 ng/L. The Ce 
content in plasma/serum (but not 
breastmilk) could possibly be an indicator 
for environmental Ce. 

Dysprosium Knaus and El-Fawaris. 
1981. A biomonitor of trace 
heavy metals: indium and 
dysprosium in red alder 
roots (Alnus rubra Bong.). 
Environmental and 
Experimental Botany 21: 
217-223. 

Bioaccumulation of Dy by 
the roots of red alder 
(Alnus rubra Bong.) was 
tested in a small free-
flowing stream in Oregon.  

Non-chelated Dy was sorbed by roots up 
to a concentration of 29 µg Dy/g of root 
(dry wt), while the sorption of Dy-DTPA 
was less by a factor of 8. 

Multiple Koeberl and Bayer. 1992. 
Concentrations of REEs in 
human brain tissue and 
kidney stones determined 
by neutron activation 
analysis. J Alloys and 
Compounds 180: 63-70. 

Measured REE 
concentrations in freeze-
dried human brain tissue 
and in kidney stones. 

Concentrations for 9 REEs (La, Ce, Nd, 
Sm, Eu, Gd, Tb, Dy, Yb, Lu) were 
reported. A difference between the REE 
patterns for apatite and oxalate kidney 
stones was observed. 
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Multiple Liang et al., 2005. 
Environmental 
biogeochemical behaviors of 
REEs in soil-plant systems. 
Environmental 
Geochemistry and Health 
27: 301-311.  

REEs’ content in soil and 
various parts of wheat 
under different conditions in 
soil-plant systems were 
measured by INAA and 
ICP-MS. 

The mean value of total REEs in soil of 
China was 176.8 mg/kg. The mean ratio 
of SigmaLREE/SigmaHREE in soils was 
8.0 and cerium accounts for 42% of the 
total REEs. The content of REEs in 
wheat seed ranged between 10E-11 and 
10E-8 g/g, 3-4 orders of magnitude lower 
than that in soil. The REEs contents in 
ryegrass, especially in roots, were 
significantly related to that of soil. The 
bioavailability of REEs in soil mainly 
depended on the exchangeable fraction 
of REEs, which was strongly affected by 
the physico-chemical properties of the 
soil. At the maturing stage of spring 
wheat, the REEs content was in the 
order of root > leaf >stem and crust. 

Multiple Lihong et al., 1999. The 
effect of EDTA on REEs 
bioavailability in soil 
ecosystem. Chemosphere 
38: 2825-33. 

The effects of EDTA on the 
bioaccumulation of REEs 
by wheat seedlings growing 
in two types of soils were 
studied. 

The bioaccumulation values of REEs in 
wheat roots were much higher than 
those in the tops (stems and leaves) for 
both types of soils. EDTA promoted 
REEs bioavailability of wheat by 
increasing the REEs desorption from 
soils. 

Multiple Linsalata et al., 1985. 
"Determination of the 
Human Intake of Thorium 
and the Light Rare Earth 
Elements from High and 
Typical Natural Radiation 
Environments." Univ of 
Missouri/et al Trace Subst in 
Environ Health 19th Conf, 
Columbia: 257-257. 

Measure the human 
ingestion of thorium and 
light REEs in Minas Gerais, 
Brazil, at a location near an 
ore body containing > 
100,000 metric tons of 
REE. 

Based on measurement in feces of 
residents located near the ore body, the 
annual ingestion intakes of Ce, La, Th, 
and Sm calculated from median 
concentrations are 24, 10, 5, and 0.6 
mg/yr, respectively, for residents of one 
farm, and 42, 15, 3, and 1 mg/yr, 
respectively, for residents of the second 
farm. Comparable ingestion rates for 
residents of NY are 2.9, 1, 0.2, and 0.1 
mg/yr, respectively. 

Multiple Peng et al., 2003. 
[Relationship of the hair 
content of REEs in young 
children aged 0 to 3 years to 
that in their mothers living in 
a rare earth mining area of 
Jiangxi]. Zhonghua Yu Fang 
Yi Xue Za Zhi 37: 20-22. 

To study the relationship of 
hair content of REEs (La, 
Ce, Pr, Nd, Sm) in young 
children (aged 0 - 3 years) 
to that in their mothers 
living in a rare earth mining 
area of Jiangxi Province. 

The mean hair content of REEs (e.g., La) 
was the highest (2,202.9 ng/g) in the 
young children living in the place nearest 
to the REE mining area, next was in 
those near the low-exposure area, and 
the lowest was in those in the control 
area. Pair-comparison analysis for the 
means showed that the average hair 
level of five kinds of REEs in the young 
children was two times high as their 
mothers'. The hair level of REEs can be 
used as a biomarker to reflect body's 
level of exposure to REEs. The hair level 
of REEs in young children and their 
mothers decreased with the increase of 
the distance from their home to rare 
earth mining area. Young children living 
in the area with REEs mining may be the 
high-exposure population. 
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Multiple Tong et al., 2004. 
Distribution characteristics 
of REEs in children's scalp 
hair from a rare earths 
mining area in southern 
China. J Environ Sci Health 
A Tox Hazard Subst Environ 
Eng 39(9): 2517-2532. 

Validate the use of REE 
scalp hair content (La, Ce, 
Pr, Nd, Sm) as a biomarker 
of exposure. Hair content 
data were collected on 16 
REEs from children aged 
11-15 years old and living 
in an LREEs mining and 
surrounding areas in 
southern China.  

REEs hair content from the mining area 
(e.g., range: La: 0.14-6.93 µg/g; Nd: 
0.09-5.27 µg/g; Gd: 12.2-645.6 ng/g; Lu: 
0.2-13.3 ng/g; Y: 0.03-1.27 µg/g; Sc: 
0.05-0.30 µg/g) were significantly higher 
than those from the reference area and 
higher than those previously published. 

Multiple Zaichick et al., 2011. 
Accumulation of REEs in 
human bone within the 
lifespan. Metallomics 3: 186-
194. 

The concentrations of 
REEs (Ce, Dy, Er, Gd, La, 
Nd, Pr, Sm, Tb, Yb, Ho, Lu, 
Tm, Y) in the rib bone 
tissue of healthy humans 
(38 females and 42 males, 
age 15 to 55 years old) 
were determined using 
ICP-MS.  

Age-related accumulation of REEs were 
found in the bone tissue of healthy 
individuals who lived in a non-industrial 
region. 

Multiple Zhang et al., 2003. [Levels 
and distribution of 15 REEs 
in tumor and normal lung 
tissue from the patients with 
lung cancer]. Wei Sheng 
Yan Jiu 32: 423-426. 

Tumor tissue and normal 
tissue around tumors were 
collected from patients with 
lung cancer and 15 REEs 
were measured by ICP-MS. 

Levels of 15 REEs in normal tissues 
around the tumor was as 2.07-2.51 times 
high as those in the tumor tissue. 
Contents of light REE in lung tissue of 
health human were higher while the 
contents of media and heavy REE were 
lower. 

Multiple Zhuang et al., 1996. 
Concentration of REEs, As, 
and Th in human brain and 
brain tumors, determined by 
neutron activation analysis. 
Biol Trace Elem Res 53: 45-
49. 

6 REE concentrations of 
brain tumor tissues from 16 
patients with astrocytomas 
(grade I-III) and normal 
human brain tissues of 18 
male, age-matched 
autopsies serving as 
controls were measured.  

Concentrations of Th, La, Ce, Gd, and Lu 
were significantly higher in tumor tissues. 

The literature review also identified ecological studies, which are summarized in Table 6-6, below. 
Information on ecological effects of REE on marine organisms, soil fauna, and plants were of particular 
interest. Many studies were conducted by Chinese researchers. It should be noted that this literature 
search was limited to the ecological effects of REEs, rather than the broader environmental contamination 
impacts resulting from REE extraction, processing, waste management, and industrial practices. 
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Table 6-6. Selected Ecotoxicity Findings for Rare Earth Elements  

REE(s) Citation Objective/Purpose Key Findings 

Cerium, 
lanthanum 

Oral et al., 2010. 
Cytogenetic and 
developmental toxicity of 
cerium and lanthanum to 
sea urchin embryos. 
Chemosphere 81: 194-198. 

Evaluate the toxicity of Ce 
and La on sea urchin 
(Paracentrotus lividus) 
embryos and sperm. 

Embryos reared in 10(-5)M Ce resulted 
in 100% embryonic mortality, whereas 
10(-5)M La induced 100% developmental 
defects, without causing any embryonic 
mortality. A significant concentration-
related mitotoxic effect and induction of 
mitotic aberrations were observed in Ce-
exposed, but not in La-exposed 
embryos, at concentrations ranging from 
10(-7)M to 3 x 10(-6)M. Following sperm 
exposure, both Ce and La induced a 
decrease in sperm fertilization success at 
the highest tested concentration (10E-5 
M). The offspring of Ce-exposed, but not 
of La-exposed sperm displayed a 
significant concentration-related increase 
in developmental defects. 

Gadolinium Saitoh et al., 2010. 
Asymmetric inhibition of 
spicule formation in sea 
urchin embryos with low 
concentrations of 
gadolinium ion. Dev Growth 
Differ 52(9): 735-746. 

Study the effects of 
gadolinium ion, a Ca(2+) 
channel blocker, on spicule 
formation in sea urchins.  

Gd(3+) exerts an inhibitory effect on 
spicule formation through a mechanism 
that does not involve inhibition of Ca(2+) 
channels. 

Holmium Qu et al., 2004. [Research 
on the cytotoxic and 
genotoxic effects of rare-
earth element holmium to 
Vicia faba]. Yi chuan = 
Hereditas / Zhongguo yi 
chuan xue hui bian ji 26(2): 
195-201. 

The root tips of Vicia faba 
were soaked in a holmium 
solution for 6hr and then 
cultivated for 22-24 hr. The 
frequency of micronucleus 
(FMN), the frequency of 
chromosomal aberrations 
(CAF), and mitosis index 
(MI) were calculated. 

Holmium demonstrated certain cytotoxic 
and genotoxic effects. 

Lanthanum Barry and Meehan. 2000. 
The acute and chronic 
toxicity of lanthanum to 
Daphnia carinata. 
Chemosphere 41: 1669-
1674. 

Acute and chronic toxicity 
of lanthanum to Daphnia 
carinata. 

La was most toxic to Daphnia in soft tap 
water (acute 48-h EC50 = 43 µg/l) 
compared to ASTM hard water (ASTM) 
(EC50 = 1180 µg/l). In the third growth 
medium, diluted sea water (DW) 
(EC50=49 µg/l), there was significant 
precipitation of La. There was 100% 
mortality at concentrations ≥ 80 µg/l by 
day six using DW media, but no effect on 
survival growth or reproduction at lower 
concentrations. In the ASTM media, La 
caused significant mortality to Daphnia at 
concentrations ≥ 39 µg/l, however, at 
least one animal survived to the end of 
the study at each of the tested 
concentrations. There was no effect of 
La on growth of surviving daphnids at 
concentrations ≤ 57 µg/l, however, 
second brood clutch sizes were 
significantly increased. La also caused 
delayed maturation. 
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Lanthanum Chu et al., 2003. Availability 
and toxicity of exogenous 
lanthanum in a haplic 
acrisols. Geoderma 115(1-
2): 121-128. 

Study the availability and 
toxicity of exogenous La in 
Chinese soil. The toxicity of 
La was determined by the 
evaluation of relative 
luminosity of 
Photobacterium 
phosphoreum T3. 

The exogenous La was highly available 
in soil, and the average available La 
accounted for 56.6% of exogenous La 
after 1 week of incubation. La was 
biologically toxic in aqueous solution and 
soil. Results indicate that the excessive 
exogenous La in soil may harm soil 
microbial community. 

Lanthanum Zhang et al., 2010. 
Ecotoxicological 
assessment of lanthanum 
with Caenorhabditis elegans 
in liquid medium. 
Metallomics 2: 806-810. 

Caenorhabditis elegans 
was used as a test 
organism to evaluate the 
aquatic toxicity of La.  

La(3)+ had significant adverse effects on 
the growth and reproduction of worms 
above a concentration of 10 µmol/L. La 
treatment disturbed the metals 
distribution in the whole body of a single 
tiny nematode at lower levels. 

Lanthanum Zhao et al., 2005. The effect 
of the rare earth La2O3 on 
growth and reproduction of 
Tenebrio molitor. Chinese 
Bulletin of Entomology 42: 
444-449. 

The effects of the rare 
earth La2O3 on growth and 
reproduction of Tenebrio 
molitor L. were studied. 
Newly eclosion larvae and 
adults were continuously 
reared in the La2O3 food 
(contaminated wheat bran) 
with different dosages.  

After 79 d the larvae reared on the food 
with 40 mg La/kg gained 43% more 
weight and the female lay 59% more 
eggs daily in peak oviposition period than 
the control group. The larvae fed on the 
food with the dosage of 40 mg La/kg for 
50 d resulted in 0.4% La accumulated in 
the larval body. 

Multiple Chen et al., 2000. Effects of 
Rare Earth Metal Ions and 
Their EDTA Complexes on 
Antioxidant Enzymes of Fish 
Liver. Bulletin of 
Environmental 
Contamination and 
Toxicology 65(3): 357-365. 

Study toxicological effects 
of different species of REE 
to goldfish and validate the 
potential use of antioxidant 
enzymes as early 
biomarkers of REEs in 
aquatic ecosystem. 

The exposure tests were performed to 
observe the changes of SOD CAT 
activities of goldfish with the control at 
selected times. The toxicological effects 
on goldfish were estimated with contrast 
and analysis of the test data. 

Multiple He and Xue. 2005. 
[Biological effects of REEs 
and their action 
mechanisms]. Ying Yong 
Sheng Tai Xue Bao 16: 
1983-1989. 

Review the effects of REEs 
on plant root development, 
biomass, quality, and 
resistance against stress.  

REEs can enhance chlorophyll content, 
improve photosynthetic rate, increase 
plant biomass, promote uptake and 
utilization of nutrients by plant when 
appropriate amount of REEs was 
applied. 

Multiple Ippolito et al., 2010. 
Responses of antioxidant 
systems after exposition to 
rare earths and their role in 
chilling stress in common 
duckweed (Lemna minor L.): 
a defensive weapon or a 
boomerang? Arch Environ 
Contam Toxicol 58: 42-52. 

Study the effects of a mix 
of different REE nitrate and 
lanthanum nitrate on 
catalase and antioxidant 
systems involved in the 
ascorbate-glutathione cycle 
in common duckweed 
Lemna minor L.  

L. minor shows an overall good tolerance 
to the presence of REEs in the media. 
Treatments (up to 5 mM REE and 5 mM 
La) did not cause either visible 
symptoms on plants or significant effects 
on reactive oxygen species production, 
chlorophyll content, and lipid 
peroxidation. Toxic effects were 
observed after 5 days of exposure to 10 
mM REE and 10 mM La. 

Multiple Li et al., 2006. [Effects of 
REEs on soil fauna 
community structure and 
their ecotoxicity to 
Holotrichia parallela]. Ying 
Yong Sheng Tai Xue Bao 
17: 159-162. 

Study the effects of applied 
REEs on soil fauna 
community structure and 
their ecological toxicity to 
Holotrichia parallela in 
bean field.  

No significant differences between the 
treatments and the control were 
observed in soil fauna species, quantity 
of main species, and diversity index. 
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Multiple Tai et al., 2010. Biological 
toxicity of lanthanide 
elements on algae. 
Chemosphere 80: 1031-
1035. 

Study the biological toxicity 
of REEs on marine 
monocellular algae 
(Skeletonema costatum).  

All single lanthanides had similar toxic 
effects on Skeletonema costatum. High 
concentrations of lanthanides (29.04 
µmol/L) resulted in 50% reduction in 
growth of algae compared to controls (96 
hr-EC50). A mixed solution that 
contained equivalent concentrations of 
each lanthanide element had the same 
inhibition effect on algae cells as each 
individual lanthanide element at the 
same total concentration. The authors 
conclude that the monocellular 
organisms might not be able to 
sufficiently differentiate between the 
almost chemically identical lanthanide 
elements. 

Multiple Tang et al., 2004. 
[Ecological effects of low 
dosage mixed REEs 
accumulation on major soil 
microbial groups in a yellow 
cinnamon soil]. Ying Yong 
Sheng Tai Xue Bao 15(11): 
2137-2141. 

The ecological effects of 
low dosage of mixed REE 
accumulation on major soil 
microbial groups in a yellow 
cinnamon soil was studied.  

The continuous accumulation of REE 
had the alternative effects of stimulation, 
inhibition, and re-stimulation on soil 
bacteria and actinomycetes, and a 
continuous stimulation on soil fungi. At 
the accumulation of 150 mg/kg of REE, 
the population structure of three groups 
changed remarkably. The number of 
REE-tolerant microbes increased, with 
gram negative bacteria, white spore 
group and penicillium being predominant 
in bacteria, actinomycetes and fungi 
population, respectively. The authors 
propose an EC50 value of 30 mg/kg for 
the critical value of mixed REE in yellow 
cinnamon soil. 

Multiple Xie. 2007. Detection of 
Genotoxicity of 6 Kinds of 
Rare Earth Nitrates Using 
Orthogonal Experimental 
Design. J Agro-Environment 
Science 26: 150-155. 

The genotoxicity of 6 kinds 
of RE nitrates (Ce(NO3)3, 
Er(NO3)3, Sm(NO3)3, 
La(NO3)3, Y(NO3)3, 
Eu(NO3)3) to root tip cells of 
maize was detected using 
micronucleus test. 

5 RE nitrates played a role in the 
formation of micronuclei in root-tip cells 
of maize, while La nitrate had no 
significant influences. With the 
concentration increasing, the FMN in 
root-tip cells of maize treated by RE 
compounds increased significantly 
compared with the control group. 
Combined toxic effect was also 
observed. The 6 RE nitrates had 
genotoxicity to root tip cells of maize and 
showed no interaction with each other. 

Terbium Liu and Zhou. 2007. 
Response of Terbium 
Ecotoxicity Effect on 
Cochlearia armoracia L. 
Peroxidase (HRP) to Light. J 
Agro-Environment Science 
26: 977-979. 

Study the ecotoxicity 
effects of terbium on 
Cochlearia armoracia L. 
peroxidase (HRP) at 
different lights. 

The results indicate the toxic effect of 
Tb(III) on HRP was increased with strong 
light. 
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Terbium Peng et al., 2007. 
Ecotoxicity of Terbium to 
Peroxidase Activity of 
Cochlearia armoracia L. 
Under Different Light and 
Temperature. J Agro-
Environment Science 26: 
974-976. 

Study the ecotoxicity 
effects of terbium on 
Cochlearia armoracia L. 
peroxidase (HRP) at 
different temperatures. 
 

The results indicate the toxic effect of 
Tb(III) on HRP was increased with high 
temperature. 

Ytterbium Hongyan et al., 2002. 
Physiological Responses of 
Carassius auratus to 
Ytterbium exposure. 
Ecotoxicology and 
Environmental Safety 53: 
312-316. 

Physiological and 
biochemical effects to the 
liver of Carassius auratus 
were investigated in vivo 
following 40 days of 
exposure to ytterbium. 

Glutamate-pyruvate transaminase 
(GPT), superoxide dismutase (SOD), 
catalase (CAT), glutathione S-
transferase (GST), and glutathione 
peroxidase (GSH-Px) activities were 
affected in goldfish liver. CAT was most 
sensitive to Yb3+, indicating that CAT 
might be a potential tool in the 
biomonitoring of exposure to Yb3+ in an 
aquatic ecosystem. 

 
 
 


