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Executive Summary

This report presents preliminary findings on environmental contamination
resulting from rare earth mining in Kachin State, Myanmar, which has emerged as a
significant global source of rare earth elements, particularly for export to China.

Analysis of surface water and topsoil samples from five sampling stations
revealed severe contamination in water bodies associated with mining activities.
Particularly at Station 2 (mine leachate) and Station 4 (direct mine discharge), extremely
acidic pH levels (3.65 and 3.30 respectively) were detected along with alarmingly high
concentrations of ionic species (ammonia, chloride), rare earth elements (dysprosium and
terbium), radioactive elements (thorium and uranium), and toxic heavy metals.

The Water Quality Index (WQI) demonstrated that water from contaminated sites
is entirely unsuitable for human consumption, irrigation, or fish culture without extensive
treatment. Even at the furthest downstream sampling point (Station 5), water quality
remains significantly degraded compared to the upstream reference site. The Potential
Ecological Risk Index (PERI) further indicated that all studied metals and metalloids
pose substantial risks to aquatic ecosystems.

Interestingly, topsoil samples showed minimal evidence of contamination, except
for naturally occurring enrichment of thorium and uranium. This finding supports the
hypothesis that contamination primarily occurs through subsurface migration, drainage
from high-elevation mining sites, or direct discharge into streams, rather than surface
runoff.

When compared to China's newly published national standards for water pollution
control from in-situ leaching of ionic rare earth mines (April 2024), the severely
contaminated water at Stations 2 and 4 far exceeds the established limits. Even Station 5,
the furthest downstream point, shows contamination levels that would not meet these
regulatory standards.

These findings underscore the urgent need for stringent management of leachate
and direct discharge from rare earth mining operations, coupled with comprehensive
monitoring of downstream water quality. Rigorous regulatory frameworks and
comprehensive remediation approaches are necessary in areas affected by rare earth
mining activities.



1. Introduction

Rare earth elements (REEs) have become increasingly vital components in a wide range of
modern technologies, including electric vehicles, digital products, and renewable energy systems
(Balaram, 2019). As the global demand for these critical materials continues to grow, the search
for new sources of REEs has intensified. Historically, China has dominated the rare earth
production market (Figure 1). However, in recent years, Myanmar has emerged as a significant
exporter of rare earth elements to China, accounting for 38% of Chinese imports in 2023 (Reuters,
2023). From 2014 to 2021, the value of rare earth mined in Myanmar increased by an astonishing
520 times (Global Witness, 2022).

The Global Witness report (2022) reveals that the rapid expansion of the industry has been
accompanied by human rights abuses, land grabs, and the displacement of local communities. The
lack of transparency and accountability in the mining sector has further exacerbated these issues,
highlighting the need for improved governance and regulation (Yan et al., 2013). Similar socio-
economic challenges have been observed in other regions of the world where rare earth mining
takes place, such as China (Packey and Kingsnorth, 2016), the United States (Standaert, 2019),
and Australia (Ali, 2014). These issues underscore the importance of responsible mining practices
and the need for a holistic approach that considers not only the economic benefits but also the
social and environmental consequences of rare earth mining (Ali, 2014).

A part of the socio-economic analysis of rare earth mining in Myanmar involves
appropriate environmental and human impacts assessment. According to a report by Global
Witness (2022), the mining of dysprosium (Dy) and terbium (Tb), two essential REEs, has led to
widespread environmental contamination and posed significant risks to the health and well-being
of local communities in Kachin State, Myanmar.
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Figure 1 Historical global rare earth production and demand (1900-2020) and the
distribution of global rare earth production and consumption in 2015 (Zhou et al., 2017)

This is because the process of mining Dy and Tb involves several stages, including
exploration, extraction, beneficiation, and refining, all of which cause environmental disturbance
and waste generation (ELAW, 2023). In Myanmar, the most common methods for extracting
these elements are open-pit mining, underground mining, and in-situ leaching. Open-pit mining
involves the removal of topsoil and the transportation of ore to leaching ponds, where acids and



chemicals are used to separate the rare earth elements from the clay, soil, and rock. On the other
hand, in-situ leaching, involves the injection of chemicals such as ammonium sulphate
((NH.).SO,), ammonium chloride (NH4Cl), or other leachants into wells perpendicular to the
mines. The pregnant solution containing the rare earth ions as well as other toxic elements then
flows out through drains into ponds for further extraction (ELAW, 2023; Vahidi et al., 2016).
As illustrated in Figure 2 and 3, in-situ leaching can lead to soil acidification, ammonia
contamination, and the leaching of metals and rare earth elements into groundwater and surface
water (Liu et al., 2022; Zhang et al., 2020). On the other hand, mine tailing and mine waste from
open-pit mining can cause contaminated run-off during rainy season. Moreover, direct discharge
of mine water from open-pit mining can directly cause surface water contamination.

Next to the extraction step, as shown in Figure 2, the mineral processing and mine tailing
management also generate a significant amount of toxic waste, including radioactive materials,
heavy metals, and other pollutants (ELAW, 2023; Rim et al., 2013). The release of these
contaminants into the environment can result in the contamination of soil, water, and air, posing
significant threats to human health and aquatic ecosystems (Gwenzi et al., 2018). These
environmental consequences can have long-lasting effects on the local ecosystem and the health
of nearby communities. The contamination of water resources is especially alarming, as it can
compromise not only the availability of safe drinking water but also pose risks to aquatic life
(Liang et al., 2014). Human exposure to these contaminants can also occur through inhalation of
dust and particulate matter, direct chemical exposure in addition to the consumption of
contaminated water or food (Gwenzi et al., 2018; ELAW, 2023). The health effects associated
with exposure to Dy and Tb can be severe. Prolonged exposure to high levels of these elements
can cause lung obstruction, cancer, and other respiratory issues in mine workers and local
communities (Shirazi et al., 2022). Moreover, not only the exposure to REEs, the release and
uptake of unwanted by-products such as radioactive elements such as thorium and uranium and
toxic metals and metalloids are known to increase the risk of various health problems, both
cancer and non-cancer (ELAW, 2023; Ragheb, 2020; Yin, et al.,2021).

In light of these concerns, this study aims to preliminarily assess the potential water and
soil contamination caused by rare earth mines in Kachin, Myanmar, using geochemically
environmental forensics. The primary objectives of this project are:

e To assess potential water and soil contamination caused by rare earth mines in Kachin,

Myanmar via geochemically environmental forensics

e To preliminarily assess environmental impacts associated with water and soil

contamination caused by rare earth mines in Kachin, Myanmar

By conducting a screening investigation of the environmental contamination resulting
from rare earth mining in Myanmar, this study seeks to provide crucial insights into the extent
and severity of the problem. We hope that the findings of this research will urge responsible
parties and government agencies to develop strategies for mitigating the environmental and
health risks associated with rare earth mining and promote the adoption of more sustainable and
responsible mining practices in the region. Furthermore, the results of this study can inform
policy decisions and support the development of stronger regulations to protect the environment
and the rights of local communities affected by rare earth mining activities. As China recently
published its first national Water Pollution Control Standard for In-situ Leaching of Ionic Rare
Earth Mines (April 2024), this study also provides an opportunity to evaluate Myanmar's rare
earth mining practices against emerging international standards, particularly those of China,
which is the primary destination for Myanmar's rare earth exports.



Sources, transfer and impacts of rare earth elements (REEs)
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2. Conceptual Model, Approach, and Chemical Analysis

2.1 Conceptual Model

The surface water contamination caused by rare earth mining in Myanmar may occur
through four possible pathways (Liang et al., 2016; Hou et al., 2017):

1. Subsurface migration of contaminated mine water from in-situ leaching to nearby
creeks

2. Drainage from high-elevation in-situ leaching sites to surface water

3. Runoff of contaminated water from open-pit mining areas to nearby creeks

4. Direct discharge of mine water from sedimentation ponds into nearby creeks or water
bodies

The conceptual model for this study considers these four pathways in two possible
hypotheses, H1 and H2, as illustrated in Figure 4. The main difference between these hypotheses
is the extent of surface soil contamination.

Hypothesis 1 (H1) suggests that surface water contamination is caused by runoff from the
mine. If this hypothesis is true, we would detect contamination in both surface water and surface
soil because contaminated runoff and drainage would leave evidence of surface soil contamination
along the migration path.

Hypothesis 2 (H2) proposes that surface water contamination is caused either by
subsurface migration of mine water through in-situ leaching, by drainage from high-elevation in-
situ leaching sites to surface water, or by direct discharge of mine water from the sedimentation
pond to the creek. If this hypothesis is correct, surface water contamination will be detected, but
surface soil contamination will not be observed because subsurface leaching or direct mine water
discharge to the creek does not directly affect the surface soil.

To preliminarily test these hypotheses, we will collect and analyze samples of surface
water and surface soil from the affected area. The results will provide screening evidence to
support either HI or H2, helping to identify the primary pathway of surface water contamination
caused by rare earth mining in Myanmar.

* H1: Surface water contamination is
caused by run-off from the mine or
direct discharge of mine water to the
creek.

* Indicator 1: surface wateris
contaminated

* Indicator 2: surface soil is
contaminated
* H2: Surface water contamination is
caused by subsurface migration of
mine water by in situ leaching

* Indicator 1: surface wateris
contaminated

* Indicator 2: surface soil is not
contaminated

Figure 4 Two possible hypothesis explaining surface water contamination as well as their
indicators



2.2 Approach
For this purpose, a comprehensive set of geochemical parameters in soil and surface water
have been selected, as shown in the Table 1. These parameters are chosen based on their relevance
to the environmental impacts associated with in-situ leaching and contaminated mine water from
open-pit mining as also shown in Table 1 (Moldoveanu & Papangelakis, 2012).

Table 1 Relevant geochemical parameters for environmental forensics in this project
together with their rationales

solid

Metals and metalloids

Fe, Pb, Mn, Ni, Se, Sr, V,
/n

(toxic): As, Cd, Cr, Co, Cu,

Geochemical Parameter | Environmental Rational Reference
Media
pH Water and Soil | In situ leaching makes soil and | Zhang et al.,
(pore water) | water acidic 2020
Ammonia, Nitrite, Sulfate, Leaching solution
Ionic species: Cl, F, Leached by in situ leaching Zheng et al.,
Alkalinity, Total dissolved 2023

Leached by in situ leaching and
hazardous to health and
environment

Liu et al, 2022

Rare earth: Dysprosium, main rare earth elements in Global Witness,
Terbium Myanmar 2022
Radioactive: Thorium, Typically contaminated by rare | Patel et al.,
Uranium earth mining 2023

Briefly, rare earth elements, specifically Dy and Tb, in soil and surface water are the
primary targets in this study and thus are the main indicators of contamination from REE mining
in this study (Global Witness, 2022). The pH of water and soil (pore water) is a crucial indicator
of the acidification caused by in-situ leaching, as the process can significantly lower the pH of
the surrounding environment (Zhang et al., 2020; Liao et al., 2016). Ammonia, nitrite, sulfate,
and other ionic species such as chloride, fluoride, alkalinity, and total dissolved solids are often
present in the leaching solution and can be leached into the environment during the mining
process (Galachieva et al., 2022; Thomas et al., 2022). These contaminants can have detrimental
effects on water quality, soil health, and aquatic ecosystems (Liang et al., 2014).

Metals and metalloids, including arsenic, cadmium, chromium, cobalt, copper, iron, lead,
manganese, nickel, selenium, strontium, vanadium, and zinc, can be leached either in-situ
leaching or ex situ leaching of open-pit mining. These elements pose significant hazards to
human health and the environment (Liu et al., 2022). These elements can accumulate in the food
chain, leading to potential health risks for humans and wildlife (Rim et al., 2013; Li et al., 201 3).
The environmental fate and toxicity of rare earth elements have been a growing concern in recent
years (Pagano et al., 2015; Gwenzi et al., 2018). Additionally, radioactive elements such as
thorium (Th) and uranium (U) are typically associated with rare earth mining and can contribute
to environmental contamination (Patel et al., 2023; Ragheb, 2020).



Five sampling locations were chosen to represent mine discharges, surface water, and soil
at different levels of contamination based on their proximity to the mining sites, as shown in
Figure 5 and Table 2. The sampling stations are as follows:

- Station 1 serves as the upstream reference site, representing natural background
conditions.

- Station 2 is the drainage from in-situ leaching at the mine, expected to exhibit high
levels of contamination.

- Station 3 is situated in a heavily contaminated area, based on local knowledge and
observations.

- Station 4 is the direct discharge of mine water from a sedimentation pond.

- Station 5 is located further downstream to assess the extent of contamination migration
and attenuation.

The selection of sampling locations based on contamination levels and proximity to
pollution sources is a common approach in environmental assessment studies (Giri & Singh,
2014; Varol & Sen, 2012). Furthermore, this study conducted spatial analyses to address the
following key questions:

e Existence of Contamination: Are there indications of environmental contamination
resulting from rare earth mining activities in Myanmar?

e Source of Contamination: Is the observed contamination directly attributed to mining
activities, or is it primarily of natural origin with minimal mining-related contribution or
acceleration?

e Potential contamination pathway: Could the contamination pathway be either from
subsurface to surface water or from run-off to surface water?

e Extent of Concern: How concerning is the identified contamination in terms of its impact
on ecosystems, human health, and environmental sustainability?

Furthermore, to supplement the spatial comparison of raw data, several indices were employed to
interpret the results and address the four key questions, as outlined in Table 3.

Briefly, the Contamination Factor (CF) (Eq.1) and Modified Degree of Contamination
(Eq.2) will be used to evaluate the degree of surface water contamination caused by individual
elements and the overall contamination level, respectively, relative to the upstream background
concentration (Hakanson, 1980; Abrahim & Parker, 2008). These indices have been widely used
in environmental assessment studies to quantify the extent of contamination in various
environmental media (Karbassi et al., 2008; Varol, 2011).

G (1)

. . o G . .

Where C; is concentration of contaminant i at the mining-impacted locations (Station 2, 3, and 4),
and Cg;i 1s concentration of contaminant i at the natural background (Station 1). Both total and
dissolved concentrations were used for C; and Cg; for calculation of the two versions of CF (total
CF (CFrj) and dissolved CF (CFp;)). Table 4 summarizes the level of CF, their interpretation, and
their color scheme.
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Where CF; is Contamination factor (CF) of an element i at a particular station, and n is
number of analyzed trace elements. Table 5 summarizes the level of mCg, their interpretation, and
their color scheme.

@)

(b)

Figure 5 (a) Map of S different sampling stations from upstream (Station 1(b)), mine water
(Stations 2 (b) and 4 (e)), and downstream (Stations 3 (d) and 5(f))



Table 2 Station 1 to 5 and their coordinates

Station | Sample | Date of Location Remark
No. Type | Collection

1 water Feb 14, UTM 47R The stream flowing from Pang Wa

2024 438908 2833613 | mountain area. Watershed of Pang Wa
area.

1 water Feb 14 UTM 47R Drinking water from mining sites.
2024 426356 2841112

1 soil Feb 14, UTM 47R No mining impact area near community
2024 438895 2833603 | farm.

2 water Feb 12, UTM 47R Old mining site (More than 10 years old).
2024 434943 2838101

2 soil Feb 12, UTM 47R Old mining site.
2024 430459 2845100

3 water Feb 12, UTM 47R Meet point area of two creeks. Sau Lang
2024 433287 2842774 | creek and Chiphwi creek, Contaminated

By mining site, flowing to May Kha River.

3 soil Feb 12, UTM 47R The bank of Chiphwi creek area.
2024 433296 2842752

4 water Feb 14, UTM 47R Take water sample from new rare earth
2024 425940 2841368 | operation mining site.

4 soil Feb 14, UTM 47R Near new operation mining site.
2024 426340 2841115

5 water Feb 15, UTM 47R Dashi creek near Yit Kyaw village
2024 416377 2861253 | flowing to Chiphwi creek.

5 soil Feb 15, UTM 47R Village.
2024 416375 2861249




Table 3 Important indices and their meanings

Question Index Meaning Reference
Answered
Is there any Contamination | The degree of surface | Hakanson, L.(1980).
contamination in | Factor (CF) water contamination in | An ecological risk index for
surface water? mining areas by each | aquatic pollution control.a
relevant element, relative | sedimentological approach,
to the upstream | Water Research,14 (8), 975-
background concentration | 1001,
https://doi.org/10.1016/0043-
1354(80)90143-8.
Modified The degree of surface | Abrahim GMS, Parker RJ
Degree of water contamination in | (2008) Assessment of heavy
Contamination | mining areas by all | metal enrichment factors
(mCd) relevant elements, relative | and the degree of
to the upstream | contamination in marine
background concentration. | sediments from Tamaki
Estuary, Auckland New
Zealand. Environ Monit
Assess 136(1-3):227-238
Does surface Water Quality | The degree of surface | Tiwari, T.N., Mishra, M.,
water Index (WQI) water quality impact by | 1985. A preliminary
contamination mining activity assignment of water quality
compromise its index of major
quality for Indian rivers. Indian J.
human use? Environ. Prot. 5 (4), 276—
279.
Is the aquatic Potential The degree of potential | Cui, L., Wang, X, Li, J.,
ecology at risk? | Ecological aquatic ecological impact | Gao, X., Zhang, J., Liu, Z.,
Risk Index by mining activity 2021. Ecological and health
(PERI) risk

assessments and water
quality criteria of heavy
metals in the Haihe river.
Environ.

Pollut. 290, 117971.

Table 4 Interpretation of CF and its color scheme

<1 Low

1-3 Moderate

3-6 considerable contamination
>6 very high contamination

9




Table 5 Interpretation of mCa and its color scheme

<1.5 Nil to a very low degree of contamination
1.5-2 Low degree of contamination

2-4 A moderate degree of contamination
4-8 A high degree of contamination

8-16 A very high degree of contamination
16-32 An extremely high degree of contamination
>32 Ultrahigh degree of contamination

On the other hand, the Water Quality Index (WQI) (Eq.3) will be calculated to determine
the extent to which surface water contamination compromises its quality for human use, such as
drinking, irrigation, and industrial purposes (Tiwari & Mishra, 1985). The WQI integrates
multiple water quality parameters into a single value, providing a comprehensive assessment of
water quality (Tyagi et al., 2013). The Potential Ecological Risk Index (PERI) (Eq.4) will be
employed to assess the potential risk posed by the contamination to aquatic ecology (Cui et al.,
2021). The PERI considers the toxicity and environmental behavior of individual contaminants to
estimate the potential ecological risk (Wang et al., 2018; Yi et al., 2011).

n
C
waQlI =Z[Wi x—‘] X 100
e (3)
Where C; is actual concentration of parameter i at the sampling locations, and S; is

drinking water standard of parameter i. Table 6 summarizes the level of WQI, their interpretation,
and their color scheme.
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Table 6 Interpretation of WQI and its color scheme

Drinking Irrigation Industrial

0-25 Great Suitable Suitable Suitable
25-50 Good Suitable Suitable Suitable
50-75 Poor Not suitable | Suitable Suitable
75-100 Very Poor Not suitable | Suitable Not suitable
Above Not suitable for Proper treatment is required
100 drinking or fish

culture

PERI =

C;

ACL;

(4)

Where C; is actual concentration of i in surface water, and ACL; is aquatic life criterion
values of 8 trace elements by Cui et al. (2021). Table 7 summarizes the level of PERI, their
interpretation, and their color scheme.

To further investigate the source and nature of contamination, sequential extraction of soil
samples were performed, as outlined in Table 8. This process helps differentiate between the
mobile, potentially bioavailable fractions (F1 and F2) and the more stable, residual fractions (F3,
F4, and F5) of metals, metalloids, and rare earth elements in the soil (Liang et al., 2014; Tessier
et al., 1979). The sequential extraction procedure provides valuable information on the potential
mobility, bioavailability, and environmental risk associated with the contaminants (Filgueiras et
al., 2002; Okoro et al., 2012).

11



Table 7 Interpretation of PERI and its color scheme

<0.1 Low

0.1-1 Moderate

1-10 considerable contamination

>10 very high contamination _

Table 8 Procedure for sequential extraction

Fraction Fractions Procedure
No.
F1 Exchangeable 0.5 g soil + 8 mL of 1 mol L-1 MgCI2 (pH = 7), shaking time:
fraction 1 h, room temperature
F2 | Carbonate Residue + 8 mL of 1 mol L CH3 COONa (pH=5.0 with
fraction CH,COOH), shaking time : 16 h, room temperature
F3 Fe-Mn oxides Residue + 20 mL of 0.04 mol L-1 NH,OH+HCI in 25%

CH,COOH (pH = 2), shaking time: 6 h, 96°C

F4 Organic fraction | Residue +3 mL of 8.8 mol L~ H,0, + 5 mL 0.02 mol L HNO,
(pH=2.0), 85°C, 3h; + 3 mL of 8.8 mol L’ H,0,, 85°C 3h; +5
mL 3.2 mol L-1 of CH;COONH,, shaking time: 16 h, room
temperature

F5 Residual fraction | digested with 10 mL of 65% nitric acid

2.3 Chemical Analysis

A total of 150 analytical results were obtained from the study. For each of the five
sampling locations, water and soil samples were collected in duplicate. Water and soil samples
were collected and analyzed for pH, ORP, EC, and TDS using standard methods such as EPA
Method 150.1 for pH (US EPA, 1983), EPA Method 120.1 for EC (US EPA, 1982), and EPA
Method 160.1 for TDS (US EPA, 1971). TSS was determined using EPA Method 160.2 (US EPA,
1971). Ammonia and nitrite concentrations were measured using EPA Method 350.1 (US EPA,
1983) and EPA Method 354.1 (US EPA, 1971), respectively. Fluoride levels were assessed using
EPA Method 340.2 (US EPA, 1974). Metals, metalloids, rare earth elements, and radioactive

12




elements were analyzed using inductively coupled plasma mass spectrometry (ICP-MS)
following EPA Method 200.8 (US EPA, 1994). These standard methods ensure the reliability and
comparability of the analytical results (Clesceri et al., 1998; APHA, 2017).

Sequential extraction of soil samples was performed to determine the distribution of
metals, metalloids, and rare earth elements among different geochemical fractions, as described
earlier. The five-step sequential extraction procedure, adapted from Tessier et al. (1979), included
the following fractions: exchangeable (F1), carbonate-bound (F2), Fe-Mn oxide-bound (F3),
organic-bound (F4), and residual (F5). Each fraction was extracted using specific reagents and
conditions, and the extracts were analyzed for the target elements using ICP-MS. Quality
assurance and quality control (QA/QC) measures were implemented throughout the sampling and
analytical processes to ensure the accuracy and precision of the results. Laboratory quality
control samples, including method blanks, laboratory control samples, matrix spikes, and
duplicates, were analyzed to evaluate the performance of the analytical methods (US EPA, 2001).
Certified reference materials were used to validate the accuracy of the ICP-MS analyses
(Linsinger et al., 2001).

The use of multiple sample replicates and a wide range of analytical parameters ensures
the reliability and representativeness of the data (Thompson, 2012). The data obtained from the
geochemical analyses and sequential extraction were used to calculate the environmental indices
elaborated earlier. These indices provide a comprehensive assessment of the contamination
levels, water quality, and potential ecological risks associated with rare earth mining in the study
area. The use of multiple indices allows for a more robust evaluation of the environmental
impacts (Audry et al., 2004; Yi et al., 2011).
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3. Results and Discussion
3.1 Surface water contamination

3.1.1 pH and Ionic Species

The results of the geochemical analysis reveal clear signs of contamination caused by rare
earth mining activities, with varying degrees of impact across the sampling locations (see Figure
6).

Leachate and Direct Discharge (Stations 2 and 4):

The leachate from rare earth mining (Station 2) and the direct discharge from the mine to
the sedimentation pond (Station 4) showed extremely acidic pH levels of 3.65 and 3.30,
respectively. This severe acidification is a direct consequence of the in-situ leaching process,
which introduces highly acidic solutions into the environment (Zhang et al., 2020; Liao et al.,
2016). The concentrations of ionic species associated with the rare earth mining leaching
solution, such as ammonia (NHs) and chloride (Cl7) (Figure 6), were alarmingly elevated at these
stations. The contamination factor (CF) for NHs reached as high as 29.8 at Station 4, while the
CF for CI" peaked at 238 at the same location. These exceptionally high CF values indicate severe
contamination of the leachate and direct discharge by the mining process (Liang et al., 2014).

Upstream Reference (Station 1):

In contrast, the upstream reference site (Station 1) showed minimal signs of
contamination, with a pH of 6.88, which is within the normal range for natural surface waters.
This station served as a baseline, representing the natural background conditions of the area
before the influence of mining activities.

Midstream and Downstream (Stations 3 and 5):

The midstream (Station 3) and downstream (Station 5) sampling points exhibited clear
evidence of acid contamination, though to a lesser extent than the leachate and direct discharge.
While Station 2 and 4 exhibited high concentrations of mining-related contaminants, Station 3
(midstream) sometimes showed equal or higher concentrations for certain parameters. This
pattern suggests that Station 3 may be receiving additional contamination inputs beyond those
measured at Station 2, potentially from multiple mining operations in the area or from sediment
re-suspension of previously deposited contaminants. Station 5, further downstream, showed signs
of partial recovery, with water quality parameters improving compared to Station 3, but still not
returning to background levels.

The concentrations of ionic species (NHs and C1") at Stations 3 and 5 (Figure 6) were
elevated compared to the upstream reference, but lower than in the leachate and direct discharge.
At Station 3, the CF for NHs was 5.36, and for Cl~ it was 20, indicating substantial contamination
but at levels considerably lower than those observed in the leachate and direct discharge.

These findings are consistent with other studies on rare earth mining impacts. Similar
acidification of surface water due to rare earth mining has been reported in southern China
(Zhang et al., 2020) and Malaysia (Elias et al., 2019). The presence of elevated levels of ionic
species in surface water near rare earth mining sites has been documented in previous studies,
highlighting their potential as indicators of contamination (Liu et al., 2018; Liu et al., 2021;
Moldovan et al., 2022).
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Figure 6 Total fluoride, chloride, and ammonia concentration in water from Station 1 to 5

3.1.2 REES, Radioactive Elements, Metals, and Metalloids
Similarly, the presence of rare earth elements (REEs), radioactive elements, and toxic
metals and metalloids in the water samples provides strong evidence of contamination from rare

earth mining activities, with varying degrees of impact across the sampling locations (Figure 7 to
9).

Leachate and Direct Discharge (Stations 2 and 4):

The leachate from rare earth mining (Station 2) and the direct discharge from the mine to
the sedimentation pond (Station 4) showed extremely high concentrations of REEs, radioactive
elements, and toxic metals. The contamination factors (CF) for dysprosium (Dy) and terbium
(Tb) reached up to 6,468 and 13.1, respectively, while the CF values for thorium (Th) and
uranium (U) were as high as 2,147 and 21,899, respectively. These exceptionally high CF values
indicate severe contamination directly attributable to mining activities. Similarly, the
concentrations of toxic metals and metalloids such as arsenic, cadmium, chromium, manganese,
nickel, lead, and strontium were alarmingly elevated in these samples. The CF values for these
elements were exceptionally high, far exceeding those observed at other sampling points.
Notably, a significant portion of these elements was found in the dissolved phase (88% for U,
87% for Dy, and 81% for Tb, 58% for As, 80% for Cd, and 84% for Sr) (Figure 7), suggesting
that their presence is primarily due to the mining processes rather than natural sources or
weathering (Liang et al., 2016; Liu et al., 2022).
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from Station 1 to 5

Upstream Reference (Station 1):

In contrast, the upstream reference site (Station 1) showed minimal concentrations of
REEs, radioactive elements, and toxic metals, representing the natural background levels in the
area before the influence of mining activities.

Midstream and Downstream (Stations 3 and 5):

While Station 2 and 4 exhibited high concentrations of REES, radioactive species, metals,
and metalloids, Station 3 (midstream) sometimes showed higher concentrations for some rare
earth elements and metals, as illustrated in Figures 7 and 9. This pattern suggests that Station 3
may be receiving additional contamination inputs beyond those measured at Station 2, potentially
from multiple mining operations in the area or from sediment re-suspension of previously
deposited contaminants.

Importantly, the concentrations of certain toxic elements, including arsenic, cadmium,
chromium, lead, and nickel, at Stations 2, 3, and 4 exceeded the World Health Organization
(WHO) drinking water standards, posing potential health risks to the local population (WHO,
2017). These findings are consistent with previous studies that have reported elevated
concentrations of rare earth elements, radioactive elements, and toxic metals in surface water
near rare earth mining sites (Liu et al., 2018; Liu et al., 2021; Moldovan et al., 2022). The
presence of these contaminants in surface water has been widely reported in the literature, with
many studies highlighting the potential ecological and health risks associated with such
contamination (Gwenzi et al., 2018; Fashola et al., 2016).

The spatial pattern of contamination observed in this study - with the highest levels in the
leachate and direct discharge, decreasing concentrations downstream, and minimal contamination
upstream - provides strong evidence for the impact of rare earth mining activities on local water
quality. While natural attenuation processes may be occurring as contaminated water moves
downstream, the effects of mining remain detectable for considerable distances from the source.
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Our findings on water contamination levels are particularly significant when viewed in
the context of China's new national standards for water pollution control from in-situ leaching of
ionic rare earth mines, published in April 2024 (Appendix A.4). This first-of-its-kind national
standard establishes control values for 11 pollutants at management control points, including pH
(6-9), fluoride (1-2 mg/L), ammonia nitrogen (2 mg/L), and sulfate (500 mg/L). The severely
contaminated water at Stations 2 and 4 far exceeds these newly established limits, with pH values
of 3.65 and 3.30 respectively, and ammonia and sulfate concentrations orders of magnitude
higher than permissible levels. Even Station 5, the furthest downstream point, shows
contamination levels that would not meet these regulatory standards, underscoring the extensive
reach of mining-related pollution. The Chinese standard also mandates comprehensive
monitoring systems for both surface and groundwater, with specific requirements for monitoring
frequency (weekly for key pollution control points), precisely the type of rigorous oversight our
findings suggest is necessary in Myanmar.

These findings underscore the urgent need for stringent management of leachate and
direct discharge from rare earth mining operations, coupled with comprehensive monitoring of
downstream water quality. Such measures are crucial to protect aquatic ecosystems and human
health in affected areas. Furthermore, the results highlight the importance of implementing
effective water treatment solutions and educating local communities about the potential risks
associated with using contaminated water sources, ensuring a holistic approach to mitigating the
environmental and health impacts of rare earth mining activities.
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3.2 Soil contamination

The analysis of surface soil samples collected near the water sampling stations reveals
minimal alterations in the concentrations of rare earth elements, metals, and metalloids, except
for thorium and uranium. As depicted in Figure 10, the concentrations of most elements in surface
soil at Stations 2, 3, and 4 are comparable to those at Stations 1 and 5, suggesting that the surface
soil along the riverbank is not significantly affected by contamination from mine water. However,
it is important to note that the potential contamination of deeper soil layers has not been
investigated in this study (Jiang et al., 2019). This finding contrasts with some previous studies
that have reported significant soil contamination near rare earth mining sites (Liu et al., 2018; Liu
et al., 2021; Moldovan et al., 2022), highlighting the importance of site-specific factors in
determining the extent of contamination.
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Figure 10 Concentration of REEs, radioactive elements, metals, and metalloids in surface
soil samples from Station 1 to 5

The sequential extraction of soil samples, as illustrated in Figure 11, confirms the absence
of substantial anthropogenic contamination in surface soil. The mobile fractions (F1 and F2) of
metals, metalloids, and rare earth elements in surface soil at Stations 2, 3, and 4 do not exhibit
significant alterations compared to Stations 1 and 5. This finding, along with the total
concentrations of these elements in surface soil, indicates that the surface soil has not been
significantly impacted by anthropogenic contamination from rare earth mining activities
(Filgueiras et al., 2002). Similar results have been reported in studies that have used sequential
extraction to assess the potential mobility and bioavailability of contaminants in soils near mining
sites (Anju & Banerjee, 2010; Li et al., 2019; Okoro et al., 2012). Notably, despite the high
contamination levels observed in the water samples from Stations 2 (leachate from rare earth
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mining) and 4 (direct discharge from the mine to the sedimentation pond), the soil samples from
these locations did not show significant contamination. This can be attributed to the fact that the
contaminated water at these stations was directly discharged into the creek, as shown in Figure 4,
rather than flowing over the soil surface as runoff. Consequently, the soil at these sites had
minimal direct contact with the highly contaminated water, resulting in lower levels of soil
contamination than might be expected given the water quality at these locations.

Lastly, the observed enrichment of Th and U in surface soil is likely of natural origin, as
indicated by the sequential extraction results (Figure 10). The predominance of Th and U in the
residual fraction (F5) suggests that their presence is primarily due to the natural composition of
the soil rather than anthropogenic contamination (Ure et al., 1993). This finding is consistent with
previous studies that have reported natural enrichment of Th and U in soils derived from specific
parent materials (Sahoo et al., 2016; Yan et al., 2019; Pagano et al., 2019).
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Figure 11 Sequential extraction results of (a) arsenic, (b) cadmium, (c) Dy, (d) Tb, (e) Th,

and (f) U in surface soil samples from Station 1 to 5
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3.3 Preliminary Impact Assessment

3.3.1 Water Resource for Human Use

The natural background condition at Station 1 has a WQI > 100 based on the total
concentrations of contaminants (Figure 12), indicating that proper treatment is necessary before
the water can be used for human consumption. However, when considering the dissolved
concentrations, the WQI at Station 1 is 25, suggesting that simple filtration can improve the water
quality to a level suitable for all intended human uses (Tiwari & Mishra, 1985). Similar findings
have been reported in studies that have used WQI to assess the impact of mining activities on
water resources (Wagh et al., 2018; Tian et al., 2019; Ewaid et al., 2018). In contrast, the mining
activity significantly deteriorates the water quality at Stations 2, 3, and 4, with WQI values
exceeding 5,000 based on total concentrations (Figure 12). Even when considering the dissolved
concentrations, the WQI remains > 1,000 for these stations, confirming that filtration alone is
insufficient to make the water suitable for drinking or fish culture. More advanced
physicochemical treatment methods are required to restore the water quality for human use
(Tyagi et al., 2013). The elements that contribute most to the poor water quality are manganese,
lead, and cadmium. These findings are consistent with previous studies that have reported
significant deterioration of water quality due to rare earth mining activities (Bozau et al., 2004;
Hao et al., 2016; Siwe et al., 2015).

Furthermore, the downstream location at Station 5 experiences a significant deterioration
in water quality compared to the upstream reference site at Station 1, highlighting the extensive
impact of mining activities on downstream water resources (Bu et al., 2010). This finding
underscores the importance of considering the spatial extent of contamination when assessing the
environmental impact of mining activities (Pandey et al., 2016).

3.3.2 Water Resource for Aquatic Ecology

The Potential Ecological Risk Index (PERI) was employed to evaluate the risk posed by
surface water contamination to aquatic ecology. As presented in Figure 12, the natural background
condition at Station 1 shows mostly low to moderate contamination levels based on dissolved
concentrations and moderate to considerable contamination levels based on total concentrations
(Hakanson, 1980). This finding suggests that even in the absence of mining activities, the aquatic
ecosystem may be subject to some level of stress due to naturally occurring contaminants
(Masuda, 2018).

However, the mining activity increases the contamination levels at Stations 2, 3, and 4 to
moderate to very high based on dissolved concentrations and considerably to highly contaminated
based on total concentrations. All studied metalloids and metals, including arsenic, cadmium,
chromium, lead, manganese, nickel, selenium, and zinc, exhibit contamination levels that pose
potential risks to the aquatic ecosystem (Hakanson, 1980). The presence of cadmium, manganese,
selenium, and zinc in the dissolved form enhances their bioavailability and potential toxicity to
aquatic organisms (Luoma & Rainbow, 2008). These findings are consistent with previous studies
that have reported significant ecological risks associated with rare earth mining activities (Wang
et al., 2012; Liang et al., 2014; Zhuang et al., 2017).
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Figure 12 WQI of surface water from Station 1 to 5 based on (a) total concentration and (b)
dissolved concentration

Regrettably, the downstream location at Station 5 experiences significantly higher
ecological risks compared to the upstream reference site at Station 1, underscoring the detrimental
impact of mining activities on the downstream aquatic environment (Liu et al., 2019). This
finding highlights the need for comprehensive monitoring and management strategies to mitigate
the ecological risks associated with rare earth mining (Ali, 2014; Kapustka et al., 2019).
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v PERI based on total concentration

PERI As Cd Cr Pb Mn Ni Se Zn
Station 1 2.2 13.3 20.7

15.1

v PERI based on dissolved concentration

PERI As Cd Cr Pb Mn Ni Se Zn
Station 1 0.4 0.0 2.5 0.0 0.8 0.9 23.6 6.4

2 5.1 1.8 0.8
3 16.9 2.4 3.9
4 24.8 7.5 12.0
5 1.4 3.2 2.4 0.0 3.2

Figure 13 Visualization of PERI based on the total and the dissolved concentrations of
metals and metalloids in surface water samples from Station 1 to 5
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3.4 Contamination Hypothesis
The results of this study support Hypothesis 2, which posits that surface water
contamination in the investigated area is caused by a combination of three primary pathways:
1. Subsurface migration of mine water through in-situ leaching
2. Drainage from high-elevation in-situ leaching sites to surface water
3. Direct discharge of mine water from the sedimentation pond to the creek

Evidence supporting this conclusion is twofold:

1. Significant surface water contamination: Stations 2 and 4, representing direct mine
water, and Station 3, located in close proximity to the mining sites, exhibit highly elevated
concentrations of ionic tracers, rare earth elements, radioactive elements, metals, and metalloids.

2. Minimal surface soil contamination: Surface soil near the river shows no substantial
contamination, as indicated by minimal alterations in the concentrations and chemical fractions
of rare earth elements, metals, and metalloids, except for the naturally occurring enrichment of
thorium and uranium.

The juxtaposition of highly contaminated surface water with relatively uncontaminated
surface soil suggests that the primary contamination pathways do not involve significant surface
runoff from mining areas. Instead, the contamination likely occurs through subsurface migration,
high-elevation drainage, or direct discharge to the creek (Zhao et al., 2012). This finding aligns
with previous studies investigating the environmental impact of in-situ leaching techniques in
rare earth mining (Yang et al., 2013; Liu et al., 2016; Jin et al., 2019; Zhang et al., 2021).

While Figure 4 provides evidence for drainage from high-elevation in-situ leaching sites
and direct discharge from sedimentation ponds, the potential contribution of subsurface migration
cannot be ruled out. To definitively confirm the extent of subsurface migration's contribution to
creek contamination, further investigation, including deep soil sampling, is necessary.

3.5 Implications for Regulatory Framework Development

While China's recently published Water Pollution Control Standard for In-situ Leaching of
lonic Rare Earth Mines (April 2024) does not apply in Myanmar, international best practices and
principles of corporate social responsibility suggest that companies should maintain the same
environmental standards abroad as they do in their home countries (OECD, 2011; Mol, 2011,
Compagnon & Alejandro, 2013). This "same company, same standards” principle has gained
increasing recognition in international environmental governance, with organizations like the UN
Global Compact advocating that multinational corporations should not exploit regulatory
differences between countries (UN Global Compact, 2018).

Given that Chinese enterprises are the primary operators and beneficiaries of rare earth
mining in Myanmar, and that Myanmar's rare earth resources are primarily exported to China
(Global Witness, 2022), it is appropriate to use China's own standards as a benchmark for
evaluating the environmental impacts we observed. With this framework in mind, our research
team compared our findings against China's new national standard to provide context and highlight
areas of concern.

Our water quality assessment results reveal contamination levels that substantially exceed
the thresholds established in China's standard. For instance, at Stations 2 and 4, pH values (3.65
and 3.30) fall well below China's control point requirement of 6-9, while ammonia levels up to
29.8 times background would exceed even China's pollution monitoring point warning value of 30
mg/L. The chloride concentrations at Station 4 (reaching 238 times background levels) far surpass
any acceptable limits in water quality standards.

The downstream impacts we observed at Stations 3 and 5 demonstrate the need for the type
of comprehensive monitoring network mandated by the Chinese standard. Most concerning are the
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concentrations of dysprosium and terbium (up to 6,468 and 13.1 times background levels), and
thorium and uranium (reaching 2,147 and 21,899 times background), which would trigger
immediate regulatory action under China's framework.

Three key aspects of China's standard are particularly relevant for Myanmar based on our
findings:

1. Multi-tiered Monitoring System: The Chinese standard establishes different monitoring
points with varying threshold values: strict limits at management control points, early
warning values at pollution monitoring points, and treatment facility discharge limits. Our
findings support implementing a similar multi-tiered approach in Myanmar.

2. Source Control Measures: China's standard emphasizes source pollution reduction,
including clean/wastewater separation and efficient leaching agent recovery. Our finding
that the contamination pathway involves subsurface migration suggests that Myanmar's
regulatory framework should prioritize subsurface leaching controls and groundwater
protection measures.

3. Emergency Response Mechanisms: The persistent downstream contamination we
detected underscores the need for end-of-pipe risk prevention measures similar to those
required by China's standard, including emergency retention systems and groundwater
pumping and treatment systems.

If Chinese mining companies were to apply the same standards in Myanmar as required in
China, the current operations would necessitate immediate remedial action and significant
improvements in pollution control systems. These improvements would align with global
expectations for responsible business conduct in environmentally sensitive industries (UN
Environment Programme, 2020).

The implementation of such frameworks would require significant investment in
monitoring infrastructure and treatment technologies. However, the environmental and public
health costs of inaction, as evidenced by our findings, suggest that applying these standards should
be a priority for sustainable management of Myanmar's rare earth resources, regardless of different
regulatory contexts between the two countries.

3.6 Remediation and Future Investigation Needed

This study clearly shows significant contamination of surface water in the creek by rare
earth elements, radioactive elements, and toxic metals and metalloids. However, two key
uncertainties remain that are critical for determining appropriate remediation approaches:

1. The extent of contamination in creek sediments

2. Whether there is ongoing subsurface migration of contaminants from in-situ leaching
operations to the creek

Understanding these factors is crucial, as natural attenuation alone is likely insufficient
for remediation, and engineered solutions will be necessary. For example, Phenrat et al. (2016)
demonstrated that natural recovery of lead contamination in Klity Creek, Thailand would take
377 £+ 76 years to reach background levels. Therefore, identifying the sources and environmental
media requiring remediation is essential for developing an effective cleanup strategy.

If creek sediments are contaminated and the primary source is direct discharge of mine
water, remediation could focus on treating the sediments once mining operations cease. Two
main techniques for sediment remediation are:

e Sediment Dredging: Mechanical or hydraulic removal of contaminated sediments,
followed by treatment and/or secure disposal. This physically removes contaminants
from the aquatic environment.
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e Sediment Capping: Placement of a layer of clean material (e.g. sand, gravel,
geotextiles) over contaminated sediments to isolate them from the water column and
biota. This can be enhanced with reactive materials to bind contaminants.

Estimated costs for sediment remediation based on previous projects are summarized in
Table 9.

Table 9. Example costs for sediment remediation projects (State of the Strait Conference
Report, 2022)

Project Volume Remediated | Total Cost | Cost per m3
NWIRP Dallas, TX | 274,000 m3 $40 million $146
Hunters Point, CA | 218,000 m3 $17 million $78
Rouge River, Ml 396,800 m3 $62.75 million | $158

However, if there is ongoing subsurface migration of contaminants from in-situ leaching
operations directly to the creek, additional measures would be needed. One potential approach is
installing a permeable reactive barrier (PRB) along the river bank to neutralize acidity and adsorb
heavy metals before they enter the creek. PRBs are trenches filled with reactive materials (e.g.
zero-valent iron, limestone) that passively treat contaminated groundwater as it flows through.
They can be installed parallel to a creek to intercept and treat contaminated groundwater before it
discharges to surface water. Estimated costs for PRB installations based on previous projects are
provided in Table 10.

Table 10. Example costs for permeable reactive barrier installations

Project PRB Length | Total Cost | Cost per meter
Ashtabula River, OH 335m $6.7 million | $20,000
Monticello, UT 520 m $1.0 million | $1,900
Denver Federal Center, CO | 520 m $1.8 million | $3,500

The scale of contamination at rare earth mining sites can result in extremely high
remediation costs. Table 11 summarizes remediation costs from several mine sites to illustrate the
potential magnitude of expenses.

Table 11. Example remediation costs for contaminated mine sites (U.S. EPA, 1997)

Site Contaminants Remediation Cost
Summitville Mine, CO | Acid mine drainage, metals | $100 million
Bunker Hill, ID Lead, zinc $1.3 billion
Iron Mountain, CA Acid mine drainage, metals | $1 billion
Tar Creek, OK Lead, zinc $540 million

Given these potentially enormous costs, additional site characterization is critical to
design the most cost-effective remediation approach. Key investigations needed include:

1. Comprehensive sediment sampling and analysis throughout the creek to determine the
full extent of contamination.
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2. Installation of groundwater monitoring wells between in-situ leaching areas and the
creek to evaluate subsurface contaminant migration.

3. Geophysical surveys to map potential preferential flow paths for contaminated
groundwater.

4. Aquifer pumping tests to better characterize groundwater-surface water interactions.

5. Geochemical modeling to predict long-term contaminant fate and transport.

6. Ecological and human health risk assessments to prioritize areas for remediation.

7. Treatability studies to evaluate effectiveness of potential remediation technologies.

Based on the results of these investigations, a conceptual site model can be developed to

guide remediation planning. Potential remediation components may include:

Source control measures at in-situ leaching areas (e.g. hydraulic containment,

grouting)

Permeable reactive barriers along creek banks

Sediment removal in highly contaminated areas

Sediment capping in moderately contaminated areas

Creek bank stabilization to prevent erosion of contaminated soils

Surface water treatment system

Monitored natural attenuation in less impacted areas

Institutional controls to limit exposure (e.g. fish consumption advisories)

The investigations will help determine which combination of these approaches will be
most effective. For example, if sediment contamination is limited, focus could be placed on
source control and groundwater treatment. Conversely, if sediments are highly contaminated but
groundwater inputs are minimal, emphasis could be on sediment removal/capping. Phased
implementation may be appropriate, starting with source control and then progressing to sediment
remediation once inputs are addressed. Adaptive site management should be employed, with
remediation plans evolving based on monitoring results and cleanup progress.

Long-term monitoring will be crucial to evaluate remediation effectiveness and identify
any needed adjustments. A robust monitoring program should include:

- Routine surface water and sediment sampling

- Groundwater monitoring

- Biomonitoring (e.g. fish tissue analysis)

- Habitat and ecological surveys

Community engagement throughout the remediation process is also essential. Local
stakeholders should be involved in remediation planning and kept informed of progress. This can
help address environmental justice concerns and ensure remediation efforts align with community
needs and future land use plans.

While the potential costs are daunting, it's important to consider the long-term
environmental, health, and economic benefits of remediation. Effective cleanup can:

Reduce human and ecological health risks
Restore ecosystem services

Enable beneficial reuse of the site
Improve property values

Provide jobs and economic stimulus

Furthermore the knowledge and technologies developed through rare earth mine
remediation projects can advance the field of environmental restoration and potentially be applied
to other contaminated sites globally.
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In conclusion, while natural attenuation processes are occurring to some degree, the scale
and complexity of contamination from rare earth mining operations necessitates engineered
remediation approaches. Careful site characterization is needed to design the most effective and
efficient cleanup strategy. Though remediation costs may be high, the long-term benefits to
environmental and human health justify the investment. With proper planning and
implementation, these contaminated sites can be transformed from environmental liabilities to
community assets.

4. Conclusion

This study provides compelling evidence of significant environmental contamination
resulting from rare earth mining activities in Kachin, Myanmar. Through comprehensive
geochemical analyses and environmental forensics techniques, we have identified severe impacts
on surface water quality, with implications for both ecological health and human well-being.

Key findings from our investigation include:

1. Severe contamination of surface water: Leachate from rare earth mining (Station 2) and
direct discharge from the mine (Station 4) exhibited extremely acidic pH levels and alarmingly
high concentrations of ionic species, rare earth elements (REEs), radioactive elements, and toxic
metals and metalloids. These contaminant levels far exceeded those observed at the upstream
reference site (Station 1).

2. Downstream impact: While contaminant concentrations decreased with distance from
the source, significant pollution was still detected at the midstream (Station 3) and downstream
(Station 5) sampling points, highlighting the extensive reach of mining-related contamination.

3. Minimal surface soil contamination: Contrary to expectations, surface soil samples
showed little evidence of contamination, except for naturally occurring enrichment of thorium
and uranium. This finding supports the hypothesis that contamination primarily occurs through
subsurface migration, high-elevation drainage, or direct discharge to the creek, rather than surface
runoff.

4. Severe degradation of water quality: Water Quality Index (WQI) calculations revealed
that water from the contaminated sites is entirely unsuitable for human consumption, irrigation,
or fish culture without extensive treatment. Even at the downstream location (Station 5), water
quality remains significantly compromised compared to the upstream reference site.

5. High ecological risk: The Potential Ecological Risk Index (PERI) indicated that all
studied metalloids and metals pose substantial risks to the aquatic ecosystem, with cadmium,
manganese, selenium, and zinc presenting particularly high threats due to their presence in
dissolved forms.

The recent publication of China's first national standard specifically addressing water
pollution from in-situ leaching of ionic rare earth mines provides a valuable regulatory framework
that could inform similar efforts in Myanmar. While our study reveals contamination levels in
Myanmar that would substantially exceed China's new regulatory thresholds, the Chinese
standard offers a practical model for developing regulatory approaches to manage the unique
challenges posed by in-situ leaching operations. As China is the world's primary producer of rare
earth elements and has decades of experience with their environmental impacts, adapting
elements of this regulatory framework could accelerate Myanmar's path toward more sustainable
rare earth mining practices.

In conclusion, this study reveals the severe environmental consequences of unregulated
rare earth mining in Kachin, Myanmar. The findings highlight the critical need for balanced
approaches that consider both the economic benefits of rare earth element production and the
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imperative of environmental protection and public health. As global demand for rare earth
elements continues to grow, it is crucial that mining practices evolve to minimize environmental
impacts and ensure the long-term sustainability of both the industry and the ecosystems it affects.
The situation in Myanmar serves as a stark reminder of the potential costs of unchecked resource
extraction and underscores the urgent need for responsible mining practices, stringent
environmental regulations, and comprehensive remediation efforts in areas affected by rare earth
mining activities.
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Appendix

Appendix A.1: Sample Collection Steps

Water and Soil Sample Collection Guidelines

This appendix outlines the procedures for collecting water and soil samples for laboratory analysis. For

accurate results, please follow these guidelines carefully.
1. General Recommendations

If ice preservation is not possible, samples should be delivered to the analysis center within 2 days, and

not exceeding 7 days after collection.
2. Equipment Required
Water Sampling Kit:
¢ Plastic bottles (600 mL) - 2 bottles
e HDPE bottles (1L) - 1 bottle
e HDPE bottles (500 mL) - 1 bottle
e pH test strips/kit
e Plastic funnel
e Sulfuric acid (H2S0O.)
e Nitric acid (HNOs)
e Rubber gloves
e Sample collection bucket
e Cooler box with ice (for sample preservation)
Soil Sampling Kit:
e Spade/shovel
e Cloth gloves
e Plastic bags
e Zipper top bags for soil samples

e Marker for labeling
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3. Please visit the website or scan the QR code below

Website QR code

https://drive.google.com/file/d/11694UY 18S979aZcWrqlLuryp2inTz1 B5a/view

4. Site Selection Criteria

Sampling locations should be divided into three categories:

1.

3.

Impacted Areas (3 locations): Areas with evidence of human activity such as mining operations,
drilling, smelting, waste deposits, or environmental indicators like gold-colored particles,

white/red salt crust, mine tailings, or acidic blue water.

Potentially Impacted Areas (1 location): Areas that may have received impact from human

activities.

Background/Control Area (1 location): Upstream area representing unimpacted conditions.

5. Water Sample Collection Procedure

1.

2.

Survey and select appropriate sampling location.
Record GPS coordinates of the sampling site.
Put on rubber gloves before handling samples.
Prepare sample bottles:
o For 1L HDPE bottle: Add 2 mL of H2SO4
o For 500 mL HDPE bottle: Add 1 mL of HNOs
Rinse the collection bucket and funnel with water from the sampling site.
Collect water from approximately 20 cm below the surface and test pH using test strips.
Record pH value and take a photograph of the test strip for documentation.

Collect water from 20 cm below the surface and fill bottles completely (no air space):
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https://drive.google.com/file/d/1i694UY18S9Z9aZcWrqLuryp2jnTz1B5a/view

e Two 600 mL plastic bottles (no acid preservation)
e One 1L HDPE bottle (with H2SO.)
e One 500 mL HDPE bottle (with HNOs)

9. Secure caps tightly to prevent leakage during transport.

10. Alternative method: If more convenient, collect five 600 mL bottles of water on-site, then transfer

to acid-preserved bottles upon return.
6. Soil Sample Collection Procedure
1. After completing water sampling, proceed to soil collection.
2. Put on cloth gloves.
3. Clear surface debris from soil sampling area.
4. Use spade to dig to a depth of 15 cm.
5. Collect soil from 4 different holes within the sampling area.
6. Place soil samples on a plastic sheet and thoroughly mix.
7. Divide the mixed soil into 4 portions.
8. Select one portion and collect approximately 200 grams in a zipper bag.
9. Seal the bag tightly to prevent contamination and moisture intrusion.
7. Sample Preservation and Transport
1. Place all samples in the cooler box.
2. Fill cooler box with ice (if ice is unavailable, deliver samples within 7 days).
3. Seal the cooler box and attach sample information records.
4. Take photographs of the samples and forms for documentation.

5. Transport samples to the analytical laboratory with the completed documentation.
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. Required Sample Volumes and Preservation Methods

Sample
Conta Volume Maximum Allowable
Parameters for iner Required for | Preservation | Recommend Holdin
Analysis T Analysis (2 | Method ed Holding . g
ype . . Time
replicates) Time
(mi)
Analyze
1. pH P,G - immediately at | 0.25 hours 0.25 hours
the site
Analyze
2. Nitrite P,G 20 |mmeC!|ater None 48 hours
or refrigerate
at4-10 °C
3. Fluoride P,G 200 Store atroom | 5g a0 28 days
temperature
4. Chloride P,G 100 Storeat room |\ ¢ 28 days
temperature
Refrigerate at
5. Sulfate P,G 200 4-10 °C 28 days 28 days
Analyze
immediately
or refrigerate
6. Ammonia P,G 500 at 4-10 °C 7 days 28 days
after adding
H>SOa4to pH <
2
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Sample

Conta |  Yolume Maximum | 510 vable
Parameters for iner Required for | Preservation | Recommend Holdin
Analysis T Analysis (2 | Method ed Holding . g
ype : . Time
replicates) Time
(ml)
Refrigerate at
7.TDS P,G 500 4-10 °C 7 days -
8. Total alkalinity | P, G 100 Refrlgerate at 24 hours 14 days
4-10 °C
P(A), Add HNO:s to
9.7Zn G(A) 25 pH < 2 6 months 6 months
P(A), Add HNO:s to
10.Cu G(A) 25 pH <2 6 months 6 months
. P(A), Add HNO:s to
11. Ni G(A) 25 DH < 2 6 months 6 months
P(A), Add HNO:s to
12.V G(A) 25 pH < 2 6 months 6 months
P(A), Add HNO:s to
13.Cr G(A) 25 pH <2 6 months 6 months
P(A), Add HNO: to
14. Se G(A) 25 pH <2 6 months 6 months
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Sample

Conta Volume Maximum Allowable
Parameters for iner Required for | Preservation | Recommend Holdin
Analysis Analysis (2 | Method ed Holding . g
Type : : Time
replicates) Time
(mli)
Filter
P(A), immediately
G(A), A
(HDP then add
15. Sr E) 25 HNOs topH < | ¢ 1o nths 6 months
2 (no air
wrapp
. space),
ed in -
foil refrigerate at
4-10 °C
P(A), Add HNO:s to
16. Co G(A) 25 DH <2 6 months 6 months
. P(A), Add HNO:s to
17. Cadmium G(A) 25 pH <2 6 months 6 months
P(A), Add HNO: to
18. Lead G(A) 25 pH < 2 6 months 6 months
P(A), Add HNO:s to
19. Mn G(A) 25 pH < 2 6 months 6 months
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Sample

Conta Vo_Iume . Maximum Allowable
Parameters for iner Required for | Preservation | Recommend Holding
Analysis Tvoe Analysis (2 | Method ed Holding Time
yp replicates) Time
(mli)
Filter
P(A) immediately
20. As G A)’ 25 then add 6 months 6 months
HNO:s to pH <
2
Filter
P(A) immediately
21. Iron G( A), 25 then add 6 months 6 months
HNO:s to pH <
2
Filter
Z(A)’ immediately
(A)l
(HDP then add
22. Thorium E) 25 HNOs topH < | g o nths 6 months
' 2 (no air
wrapp
ed in space),
foil refrigerate at
4-10 °C

a4




Sample

Conta Volume Maximum Allowable
Parameters for iner Required for | Preservation | Recommend Holdin
Analysis T Analysis (2 | Method ed Holding . g
ype : . Time
replicates) Time
(mli)
Filter
2(('2)) immediately
(HDP, then add
23. Uranium E) 25 %?aﬁ? PH< 1 6 months 6 months
wrapp space)
ed in N
foil refrigerate at
4-10 °C
Filter
E;((AA))’ immediately
(HDF; then add
. HNO:s to pH <
24. Dysprosium E) 25 2 (no air 6 months 6 months
\é\g?ﬁp space),
. refrigerate at
foil 4-10 °C

a5




Sample
Volume Maximum
Parameters for icrizrr]ta Required for | Preservation | Recommend ﬁ!fg\iﬁble
Analysis Analysis (2 | Method ed Holding . g
Type : : Time
replicates) Time
(mli)
Filter
P(A), immediately
G(A), h
(HDP then add
25. Terbium E) 25 %2;? PH< 1 6 months 6 months
wrapp
. space),
edin -
foil refrigerate at
4-10 °C
26. Soil sample 200 grams
Total 2045

Note: P = Plastic (polyethylene or equivalent) G = Glass HDPE = HDPE plastic bottle P(A), G(A) =

Washed with nitric acid mixed with water (1:1) N.S. = Not specified in reference documents
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Appendix A.2: Sample Images of Water and Soil Specimens

This appendix provides visual examples of water and soil samples collected following the procedures
described in Appendix A.1. The images serve as reference guides for sample characteristics and proper
storage methods.

A.2.1 Soil Sample Collection

Figure A.2.1: Various soil samples collected from different locations, properly stored in sealed plastic
bags with identification labels. The samples show different soil colorations and textures, ranging from
light brown to dark gray, representing various sampling locations and soil compositions.

A.2.2 Sample Storage and Transportation

Figure A.2.2: Sample storage in a foam cooler for transportation. This cooler is used to refrigerate
samples to preserve their integrity during transport from field to laboratory. Information is written on
the cooler to prevent confusion. Maintaining samples at low temperatures helps slow down chemical and
biological reactions that may affect sample quality.

a7



A.2.3 Water Sample Collection

Figure A.2.3: Water samples collected in sealed plastic bags with proper identification. The transparent
bags allow for visual inspection of water clarity while maintaining sample integrity. These samples are
ready for laboratory analysis of various parameters including pH, dissolved minerals, and potential
contaminants.

Note: All samples were collected according to standard protocols described in Appendix A.1. Proper
labeling, sealing, and storage techniques are essential for maintaining sample integrity and ensuring
reliable analytical results.
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Appendix A.3: Results of soil-water sample analysis from Myanmar

Water samples

Sample | Temp H ORP TDS SAL EC TSS
name (°C) P (mV) (mg/L) (ppt) (uS/cm) (g/L)
Dl
water 32.5 5.91 55 1.15 0.01 2.04 0
1 24 6.88 -4 9.58 0.02 20.5 0
2 23 3.65 186 811 0.83 1539 0.01
3 28.2 441 141 781 0.79 1549 2.6725
4 26.5 3.3 210 3.91 4.32 7.88 0.135
5 27 4 166 63.4 0.07 129 1.06
';]e;‘g’ Sample | As cd cr Cu Fe Pb Mn Ni Se Sr v Zn Dy Tb Th U F cr NOz NHs
types name | (ug/L) | (Mo/L) | (Mo/L) | (no/L) | (Mo/L) | (Mg/L) | (uo/L) | (Mo/L) | (no/L) | (uo/L) | (Mo/L) | (Mo/L) | (no/L) | (Mo/L) | (/L) | (ug/L) | (mg/L) | (mg/L) | (mg/L) (mg/L)
1 1.92 005 | 17.73 9.18 79.36 0.05 78.93 4.21 | 206.43 539 | 514 | 165.18 005 | 5.00 0.05 0.05 0 0 0 0
Mobile 2 23.66 19.79 1241 43.65 471.33 4.25 | 32501.66 37.78 | 303.27 665.80 4.05 | 1025.59 129.88 26.71 0.00 82.98 0 0 0 0
:;?;I)g 3 7878 | 1668 | 1677 | 3459 341.86 | 21.76 | 37356.23 | 5855 | 42824 | 92071 | 4.30 | 1299.15 | 323.41 | 65.29 0.00 61.94 0 0 0 0
Wt’:\rt]er 4 115.62 49.31 53.20 | 118.18 550.07 67.73 | 40604.52 294,36 | 457.57 | 3431.96 20.55 | 2037.52 257.81 50.65 107.37 | 1094.94 0 0 0 0
5 6.65 140 | 1664 | 16.60 3151 000 | 282840 | 1424 | 389.97 | 13757 | 4.10 | 1188.38 028 | 7.32 0.00 9.63 0 0 0 0
1 10.15 573 | 146.13 | 124.92 | 1069.10 | 49.26 198.70 | 3815 | 789.40 67.22 | 4372 | 72247 050 | 2459 0.50 27.59 0.05 0.50 0.00 0.17
Total 2 60.73 51.03 | 106.36 | 107.13 1101.86 62.99 | 48341.68 77.28 | 857.41 794.68 28.34 716.78 149.00 55.88 0.00 148.52 0.86 12.50 0.00 35.50
EZ?Z.VS 3 136.08 | 3892 | 21856 | 140.08 | 10631.78 | 39554 | 43378.66 | 136.19 | 801.98 | 704.58 | 146.66 | 1009.06 | 280.36 | 79.68 | 574.87 | 187.36 0.27 10.00 0.00 68.10
Wt’:\?er 4 200.16 61.30 | 266.50 | 246.41 2636.16 112.14 | 66267.47 505.73 | 985.01 | 3184.66 89.16 | 2042.84 256.32 71.83 23358 | 1232.32 1.49 119.00 0.00 187.00
5 21.78 521 | 173.49 97.66 4408.84 94.81 3504.12 78.32 | 728.90 313.44 91.96 646.16 0.00 28.54 134.61 57.37 0.64 0.50 0.00 1.62
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Total PERI  As Cd Cr Pb Mn Ni Se Zn

Dissolved PERI  As Cd Cr Pb Mn Ni Se Zn
1 04 0.0 2.5 0.0 0.8 0.9 23.6 6.4
2 5.1 1.8 0.8
3 16.9 24 3.9
4 24.8 7.5 12.0
5 14 32 2.4 0.0 3.2
Total CF As(ug/l) Cd(ug/L) Cr(ug/l) Cu(ug/L) Fe(ug/L) Pb (ug/L) Mn (ug/L) Ni(ug/L) Se(ug/L) Sr(ug/L) V(ug/L) Zn(ug/L) Dy (ug/L) Tb (ug/L) Th(ug/L) U (ug/l) MCd
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

0.7 0.9 1.0 13 2.0 1.1 0.6 1.0 2.3 0.0

1.5 36 1.0 34 14 32
1.8 25 1.2 2.0 2.8 29
2.1 0.9 1.2 0.8 4.1 0.9 47 2.1 0.9 0.0 1.2 2.1
Dissolved CF As (ug/L) Cd (ug/L) Cr(ug/L) Cu(ug/L) Fe(ug/L) Pb (ug/L) Mn (ug/L) Ni(ug/L) Se(ug/L) Sr(ug/L) V(ug/L) Zn(ug/L) Dy (ug/L) Tb (ug/L) Th (ug/L) U (ug/L) MCd
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 0.7 48 A 1.5 ! 5.3
3 0.9 2.1
4 3.0 22
5 35 0.9 1.9
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Soil samples

Sample name pH ((r)n '32 TDS (mg/L) SAL (ppt) EC (uS/cm)
1 4.98 132 131.1 0.13 2.58E+02
2 5.39 102 45.2 0.05 91.1
3 4.46 166 377 0.36 760
4 5.54 96 31.5 0.04 62.1
3] 5.62 91 50.3 0.05 100.7
Total heavy metals in soil
Sample As Cd Cr Cu Fe Pb Mn Ni Se Sr \Y Zn Dy Th Th U
name | (mg/kg) | (mg/kg) | (markg) | (mglkg) | (mg/kg) | (mglkg) | (mg/kg) | (markg) | (mglkg) | (markg) | (mglkg) | (mg/kg) | (markg) | (mglkg) | (mg/kg) | (mglkg)
1 15.32 423 | 7303 | 4939 | 3641.68 | 317.15 | 67541 | 3508 | 1218 | 19.84 | 7759 | 17381 1.32 200 | 20760 | 40.72
2 16.44 043 | 4411 | 1632 | 538052 | 5950 | 211637 | 1810 | 1309 | 1151 | 57.09 | 126.47 0.00 194 | 20663 | 2299
3 553 111 | 2445 | 1693 | 4949.83 | 141.44 | 699.43 | 14.42 825 | 19.01 | 5428 | 9889 2.98 283 | 62678 | 93.09
4 6.66 057 | 17.01 9.92 | 4860.18 | 20057 | 1048.97 | 1071 | 11.96 804 | 19.98 | 106.63 1.28 177 | 143589 | 125.05
5 551 201 | 4293 | 2230587279 | 9848 | 120577 | 2045 | 1116 | 1267 | 77.68 | 139.30 0.00 118 | 25154 | 3833
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Fractions of heavy metals in soil

Sampl As Cd Cr Cu Fe Pb Mn Ni Se Sr \Y Zn Dy Th Th U
e Fractions (mg/k | (mg/k (mg/k | (mg/k | (mg/kg | (mg/k | (mg/kg | (mg/k | (mg/k (mg/k | (mg/k (mg/k | (mg/k (mg/k | (mg/kg | (mg/k
name 0) 9) 9) 9) ) 0) ) 9) 9) 0) 9) ) 9) ) ) 9)
Exchangeab
le 4.02 1.54 3.13 7.75 | 204.72 89.65 | 268.64 16.22 3.23 17.43 39.44 59.88 0.00 0.59 0.00 0.00
Carbonate 0.97 0.97 8.14 2.72 | 186.46 91.92 | 158.08 2.95 2.05 1.32 3.24 30.22 0.45 0.37 10.32 18.03
1 Fe-Mn 2017.5
oxides 4.93 1.04 29.32 9.62 0 60.55 | 108.19 6.98 1.43 0.33 12.34 40.00 0.03 0.23 4,70 12.42
Organical 3.38 0.23 11.66 20.37 | 941.03 31.01 42.70 6.71 3.40 0.17 12.86 30.33 0.70 0.44 5.06 8.41
Residue 2.02 0.45 20.78 8.93 | 291.98 44.02 97.80 2.22 2.07 0.59 9.71 13.38 0.14 0.37 | 187.53 1.86
Exchangeab
le 14.00 0.10 243 6.54 4.32 16.33 | 206.23 9.25 3.13 9.76 35.32 25.03 0.00 0.52 0.05 0.00
Carbonate 0.14 0.07 3.25 1.22 37.06 15.32 | 260.99 0.43 478 0.56 1.10 6.72 0.00 0.36 10.93 7.11
2 Fe-Mn 1007.0 1089.7
oxides 0.48 0.14 23.01 1.89 9 12.48 1 2.89 1.04 0.21 7.60 30.59 0.00 0.24 5.54 2.40
Organical 0.76 0.10 12.27 3.09 | 211.01 13.11 | 532.23 4.79 3.25 0.27 8.70 50.13 0.00 0.33 0.43 5.48
4121.0
Residue 1.06 0.03 3.15 3.58 4 2.26 27.21 0.74 0.89 0.71 4.37 14.00 0.00 0.49 | 189.68 8.00
Exchangeab
le 5.21 0.34 1.37 5.12 3.96 36.69 | 164.41 9.64 2.56 14.90 33.13 20.01 142 1.30 0.47 0.02
Carbonate 0.04 0.17 1.04 2.85 6.47 22.57 31.69 0.17 2.48 1.42 0.45 1.17 0.50 0.63 40.28 13.70
Fe-Mn
3 oxides 0.05 0.27 10.67 1.85 | 351.59 37.42 | 235.19 1.13 0.69 0.53 4,53 7.68 0.59 0.28 37.38 8.88
Organical 0.10 0.16 9.44 3.04 66.22 18.77 | 214.13 3.08 1.52 0.86 13.97 45,62 0.23 0.37 2.27 7.90
4521.5
Residue 0.14 0.18 1.93 4.06 9 25.99 54.00 0.40 0.99 1.30 2.20 24.41 0.24 0.25 | 546.38 62.60
Exchangeab
le 1.23 0.20 2.89 2.51 5.03 34.43 | 234.12 6.60 1.55 5.79 12.10 23.99 0.06 0.43 1.91 0.02
Carbonate 1.14 0.06 1.57 3.73 62.03 70.00 | 156.69 0.12 5.27 0.89 0.20 4.34 0.76 0.32 | 179.62 30.36
Fe-Mn
4 oxides 1.20 0.10 8.21 0.97 | 972.28 60.20 | 404.23 1.23 1.85 0.38 2.31 26.50 0.00 0.20 97.23 14.18
Organical 2.19 0.12 1.80 1.99 | 177.50 24,54 | 153.23 1.40 1.31 0.64 1.83 4212 0.11 0.36 9.25 14.32
3643.3 1147.8
Residue 0.90 0.09 2.54 0.72 4 11.40 | 100.70 1.36 1.98 0.35 3.54 9.68 0.36 0.47 9 66.17
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Sampl As Cd Cr Cu Fe Pb Mn Ni Se Sr \Y Zn Dy Th Th U
e Fractions (mg/k | (mg/k | (mg/k | (mg/k | (mag/kg | (ma/k | (mg/kg | (mg/k | (mag/k | (mg/k | (mg/k | (mag/k | (mg/k | (mg/k | (mg/kg | (malk
name 9) g) 9) 9) ) 9) ) 9) 9) 9) 9) 9) 9) 9) ) 9)
Exchangeab
le 0.20 0.42 1.89 4.32 5.50 7.54 | 160.07 | 10.43 121 | 1023 | 4266 | 21.33 0.00 0.29 0.00 0.00
Carbonate 1.98 0.04 2.27 8.09 | 2794 | 28.39 | 170.64 0.70 7.12 0.63 1.55 9.53 0.00 0.13 9.97 | 10.29
Fe-Mn
5 oxides 2.06 0.72 | 23.80 243 | 731.76 | 37.77 | 534.17 1.49 0.69 039 | 13,67 | 31.85 0.00 0.13 8.61 5.42
Organical 1.10 050 | 1124 411 | 187.06 | 13.25 | 223.88 3.79 1.04 1.03 | 16.57 | 72.70 0.00 0.30 0.14 3.76
4920.5
Residue 0.17 0.33 3.73 3.35 4| 1154 | 117.01 4.04 1.10 0.39 3.24 3.89 0.00 0.33 | 232.82 | 18.86
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1 2 3 4 5
Fe- Fe- Fe-

Frac Fe- Fe- M M M
tions Excha Mn Org Res Excha Mn Org Res Excha n Org Res Excha n Org Res Excha n Org Res

ngeabl Carb | oxi anic idu ngeabl Carb | oxi anic idu ngeabl Carb | oxi | anic idu ngeabl Carb | oxi | anic idu ngeabl Carb | oxi | anic idu

e onate | des al e e onate | des al e e onate | des | al e e onate | des | al e e onate | des | al e
As
(mg/ 4.9 0.4 0.0 1.2 2.0
kg) 4.02 0.97 3 3.38 | 2.02 14.00 0.14 8 0.76 | 1.06 5.21 0.04 5 0.10 | 0.14 1.23 1.14 0 2.19 | 0.90 0.20 1.98 6 1.10 | 0.17
Cd
(mg/ 1.0 0.1 0.2 0.1 0.7
kg) 1.54 0.97 4 0.23 | 0.45 0.10 0.07 4 0.10 | 0.03 0.34 0.17 7 0.16 | 0.18 0.20 0.06 0 0.12 | 0.09 0.42 0.04 2 0.50 | 0.33
Cr
(mg/ 29. 116 | 20.7 23. 12.2 10. 8.2 23. 11.2
kg) 3.13 8.14 32 6 8 2.43 3.25 01 7 | 3.15 1.37 1.04 67 9.44 | 1.93 2.89 1.57 1 1.80 | 2.54 1.89 2.27 80 4 | 3.73
Cu
(mg/ 9.6 20.3 1.8 1.8 0.9 2.4
kg) 7.75 2.72 2 7 | 893 6.54 1.22 9 3.09 | 3.58 5.12 2.85 5 3.04 | 4.06 2.51 3.73 7 1.99 | 0.72 4.32 8.09 3 411 | 335
Fe 201 100 35 97 73
(mg/ 186.4 7.5 941. | 291. 7.0 211. | 412 15 66.2 | 452 2.2 177. | 364 1.7 187. | 492
kg) 204.72 6 0 03 98 4.32 | 37.06 9 01 | 1.04 3.96 6.47 9 2 1159 5.03 | 62.03 8 50 | 3.34 5.50 | 27.94 6 06 | 0.54
Pb
(mg/ 60. 310 | 440 12. 131 37. 18.7 | 25.9 60. 245 | 114 37. 132 | 115
kg) 89.65 91.92 58] 1 2 16.33 15.32 48 1] 226 36.69 22.57 42 7 9 34.43 70.00 20 4 0 7.54 28.39 77 5 4
Mn 108 23 40 53
(mg/ 158.0 | 108 427 | 97.8 260.9 9.7 532. | 27.2 51 214. | 54.0 156.6 | 4.2 153. | 100. 1706 | 4.1 223. | 117.
kg) 268.64 8 .19 0 0 206.23 9 1 23 1 164.41 | 31.69 9 13 0 234.12 9 3 23 70 160.07 4 7 88 01
Ni
(mg/ 6.9 2.8 1.1 1.2 1.4
kg) 16.22 2.95 8 6.71 | 2.22 9.25 0.43 9 479 | 0.74 9.64 0.17 & 3.08 | 0.40 6.60 0.12 g 140 | 1.36 10.43 0.70 9 3.79 | 4.04
Se
(mg/ 14 1.0 0.6 1.8 0.6
kg) 3.23 2.05 3 3.40 | 2.07 3.13 4.78 4 3.25 | 0.89 2.56 2.48 9 1.52 | 0.99 1.55 5.27 5 1.31 | 1.98 1.21 7.12 9 1.04 | 1.10
Sr
(mg/ 0.3 0.2 0.5 0.3 0.3
kg) 17.43 1.32 3 0.17 | 0.59 9.76 0.56 1 0.27 | 0.71 14.90 1.42 3 0.86 | 1.30 5.79 0.89 8 0.64 | 0.35 10.23 0.63 9 1.03 | 0.39
\Y
(mg/ 12. 12.8 7.6 45 13.9 2.3 13. 16.5
kg) 39.44 3.24 34 6 | 971 35.32 1.10 0 8.70 | 4.37 33.13 0.45 3 7 1220 12.10 0.20 1 1.83 | 3.54 42.66 1.55 67 7 | 324
Zn
(mg/ 40. 303 | 133 30. 50.1 | 14.0 7.6 456 | 244 26. 42.1 31. 72.7
kg) 59.88 | 30.22 00 3 8 25.03 6.72 59 3 0 20.01 1.17 8 2 1 23.99 4.34 50 2 | 9.68 21.33 9.53 85 0| 389
Dy
(mg/ 0.0 0.0 0.5 0.0 0.0
kg) 0.00 0.45 3 0.70 | 0.14 0.00 0.00 0 0.00 | 0.00 1.42 0.50 9 0.23 | 0.24 0.06 0.76 0 0.11 | 0.36 0.00 0.00 0 0.00 | 0.00
Th
(mg/ 0.2 0.2 0.2 0.2 0.1
kg) 0.59 0.37 3 0.44 | 0.37 0.52 0.36 4 0.33 | 0.49 1.30 0.63 8 0.37 | 0.25 0.43 0.32 0 0.36 | 0.47 0.29 0.13 3 0.30 | 0.33
Th
(mg/ 4.7 187. 55 189. 37. 546. 179.6 | 97. 114 8.6 232.
kg) 0.00 | 10.32 0 5.06 53 0.05 | 10.93 4 0.43 68 0.47 | 40.28 38 2.27 38 1.91 2 23 9.25 | 7.89 0.00 9.97 1 0.14 82
U
(mg/ 12. 2.4 8.8 62.6 14. 143 | 66.1 5.4 18.8
kg) 0.00 | 18.03 42 8.41 | 1.86 0.00 7.11 0 5.48 | 8.00 0.02 | 13.70 8 7.90 0 0.02 | 30.36 18 2 7 0.00 | 10.29 2 3.76 6
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Appendix A.4: China's National Standards for Water Pollution
Control in Ion-Adsorption Rare Earth In-Situ Leaching
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H 3 (SO#”) 7E/KALEE I b PR H s A M T T B LS e . R, Bt
R E H 2 ) S AT R B AT e 5 3R 58 (R TEHL S 7 SN, A2 o 7 A7 5 81l
UNAHIE T ALY, XL TN A S R GO S A BEAL OTBAE XU o B AR H H
BEREAERTY, BREE AR (NHYD LU IEIR Eh, I R ml e = AR 0
AR £ AN — S R E tHBE S5 rp R AR, JX S ot w] et — 20 5 A WL S N A Al
BRI, Gl —kisge. DI B R Sh A 9l FaAx .
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SEE B, SE. B BT AT S . B B, R
PEUSCER I I AR IR o A K 3 e . e, B SR . SRR
oK A AR B R R, B LA K B AN AT R O N R BUE Y,
RETEAEMIIRNAR R, SEUE MRS A B B . A — R R, XLE M
Z RGN BRI E o AR R TR DU B RE A, S A SR A 2l
Y. W —F O ARBoEY), HUEMEE AR, ] IE KA A
RN BB, B AR N R BUEAE . BAR. BHT. BB
PR AR .

ERah B R BT RS AL B S A E LR, RO R
ELAHBEE M L 1) R T A, BT TE AR A o PR VR B 1 T 4 s A A PR TR 1 7K
X 7K AR AR W) AT B A B o N SIS MR R RS E XU o Bl Y — S84k B, 7S A,
HA — 2 351, AT RARS MK AR AR g e . (5 /KRG HETBOhR 11 ) GB 8978-
1996 H R FH 7K T35 Geds il IR 7 2 e a O R R, B SOV, B R BILE o U
ML B O A P 750 52 2 5 St e A R P B G R B D) o R o UM R
B TBUR A PRI T A R AT S, 4% 1t 7 AR M U500 0 6 R 0l ke 22 BR ), PR
K5 T2 BA AR AR AR b ekl B 208, I HS (Bt Tlkis e
JEARAED (GB26451-2011) BT8R 1 W FE b5 — 20, T I . BRI BV AR
PR AR .

B 2T T8 AR S e I R - EFE pHL ALY A (ERA
O, OBE. A MR DB DA, B, b, etahaEdL 13 0
TS PAIH o AR HEZK TS Gtz il SR v 23 ek 0 s T TR 42 R FEBRAE L 5 e 4
T T 7K 35 G T R 5 R A B 35 7 Ak B A e S 11 K35 e M BRAE B2 T AN AT
R,

ERWTTIG B IR R pHY B, A, (e RAEE. B &
B WREL. SEE. SR, S, SR 11 T

5 G W A2 DT TR 7K 5 G T8 3 R B 1 8 AR ™ L e ELRRAIE A5
PR o E A RS 2 N .

5 /K AL B HETS T el 8 4% pHL ®b. Ak, s

%\ 1%\6}&\ 1%\/:%:(4\ g\‘ﬁ\ E}ﬁ@?%}g\ 1%\%—?‘:\ 1%\%%\ 1%\%\ 1%\6'13\ %i%mllé\%;j\: 13 IDE\io
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422 RAEWHE
4.2.2.1 & FEWE AT R4 B R IRAE

A PR T T K T G s A B PR R RFAE R U e (5
AL ANET (R KIEE BT E bR i) GB3838-2002 3K 1 Mg /K IR & 45
HEFEAR TR H A v FRAE TR K AR HEBRAE 1 2 % BRERER AN = T (b3 /KRB o &
FritE)GB3838-2002 3£ 2 A Hh AR I X FH 7K b & /K s b kb 78 157 B AR v B AR 1Y) 2 4%
HRFRTFAET (HRKIFEE T dE) GB3838-2002 K 1 HiZR /KI5 i FE ARtk
FEARTHH AR UEBRAE TS /K TR AE R AR o FAABR H i R AR i T

AW BB TR LT LA T S X, 2 AR, RV A
IR, AR R K E AT GB3838-2002 2 1 [RITIIZE /K o A v FRARL ¥ 15
Blo DRI, BRI S A IR BEREAT T PG DU R E o 28 HE 7 38U A 6 )
WIE<Img/L, EHWIHRNHE (HRKIEEFERE) GB3838-2002 3 1 Hi£
TKIR 5 0T A A AT H A o R AT 7K 5 b v BRAE o

A ZAFAE T R - NI B G R 2 —, B 5 s
W, POKPERAEEIKEN 0.5~1.0mg/L. HHKPEEEST 4mg/L I,
AR . BATE KA T 4 7 DL RS AR, RS i 2, it
FTE AR VAR o TSI 28 T, LA I R o b 2 /K PR B o b v
GB3838-2002 ALK FbriE GB11607-89 F1#l5E AL AEEIT 1.0mg/L; K
F R IR K bR #E GB8537-1995 HE AL M/ T 2.0mg/Lo BRI L X 2
AR E AR AR X i, BB SR SRR, AHOCHT FU R B
LA IR S R E AR R & BRI K. MEEMT 4mg/L /Kik
(7R E f S (RIS S /M IR S B3R, KEBHCRE A E & ibsik. Hik,
2 TS 208 G o 2555 IR TTIATE, At g i) 2 A Dy 22 00) HE 7 T 9
W s = 1mg/L B, B IR S B S I B RAE 1mg/L A, BT
AR L <2mg/L.

FR: AESHKAEEM TR, £REMFKFEFREE (GB
3838—2002) HEEATTH 2 —, W23 E/KIEL F 295 G H IS B H 4R
YEFRbRZ — o CRIKIKAEAEVIK T E—ZAD) (2020 FhO  GEILFAF 1D 2
TEFk B U UK i S miT IR AT At b, A CHRaKK AR A= 7K o s e i s 4R
fam)  (HJ 831-2017) i€, RBUIFBOKIAEHEZR 95% ) i KK AL
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) R FES D REAN T A RN R R R EE, I AIME T AR DK AR S A B o &
b TRBH R ) B K AE AR B AR RS R A fa AR AR A o YL 1) M U
R, B8 L IXEH R K pH [ERZLE 6.09~6.94 (8], KA EE
YEFFAE 10~20°C 2 [H], IR PR B BRI HELE 1.5~2mg/L 2 [H]. fERAS
2mg/L IIEIL T, GRS AN 1 2 /K AR K K AR A B AR S T REAS = R T AL
JS2, GRS RZ MR /)N, R A A o A 4 T T 2 R0k P BRAF € A 2mg/L

BRlREh: GRS AR UHE (R SR R B =, R HE St SR M
B BAHRIR S, MR, MRS KAV RLFERE TR, SNEREKS
FANREEN, BRI ERIR LT 0.5 mg/L I, KK 2 RH]. SR, 785K
FETT, BRERERFTRE U R AR K 1 F 25 e, SRSt B A #itk. 18
NEA, BB E M EE N 500-750 mg/L IRF45 51 F2 8 P i@ (1, (B ik
FEFH RGN R . AW S RKRE T, BRSNS ief 5.
MTHE RIS & i 600mg/L M/KHESER. SERNERSECHN
[ R bRk, w0 (HIRKIABE T EArE) GB3838-2002.  (i5/KLi & HEMRME) GB
8978-1996+  {Hi = Tolli5 FWiHEbR#E) GB26451-2011 MIFRE(E . 7E GB8978-
1996 11 GB 26451-2011 H IR0 it B2 2 FHE IS SR AR R BE BEAT 43, GB3838-2002
7 2 S AR TR K 2 K YR b 78 70 H AR HERR M 250mg/L o AFRiERRHE 1k
AR WS DN B, 5 25 B Ay XX FE DR TR Bt I 694 82 F AR TE 100mg/L LA o A
DX SR PR R IR A, & DX M OB TR R 2 M 45 SR8 FEBOR, A IX R k2
R, 1E 259~1025mg/L 2 8], B [X AR IR 3 I 208 75 84.3~249mg/L 2 []
B R AR Y KRR £ BN I, IR % R S M Bt I vl 5 b
TR PR 5 FRAE € 4 500mg/L.

TS Y HIA R IR, & AR ARSI SN H R 458 B IR A TR AL
AHHE B o AFREE W T KIS Qe wl ik FERR (5 GB3838 5 441 H ik fiE
BRAELX HE LA IR R IR BB ¥R, -

R 41 ARG EHEATT B HIKERMEL GB3838 75 YT E KE R
BT (#fL: mg/L)

< )35 2 _ &: B B AR ) GB3838-2002111 2 AR Ar
5 55 ey KAt @%*”ﬁﬁiﬁ@@ FA T F
pH CCEH) 6~9 6~9
A (LLE 18 (2%) 1
VaNiEN 0.05 0.05
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TR E 20 20
(CODcr)

SR 0.2 0.2

A 2 1

R (L SO4211) 500 250¢

B 1.0 1.0

MR 0.005 0.005

MA 0.05 0.05

ey 0.05 0.05

VE:

@ 3@ FH 5 R T T SR AL 0k <Img/L AT 1L 5

b 3E A 0T HE T T U9 P = Tmg/L [ 1 5

© T PR R VR FE PRAER I N (Hh SR /KA ST fEAnifE ) GB3838-2002 3£ 2 42+ AL TH IR A 7K Hh
FEAKYE AN 78 0 H A vk PRAA -

4.2.2.2 5 Je Ve 45 WF T K 0T Je 4 TR R TR AE

D18 7 2R A X IR T 2R A, Sl O s W T A /K5 e R
AARUEERA I RAM AR X A BB 5 e A Wi (AN R T i
100m R KW T 200m MKW , FEXEN R E UEAE, B
82 B B i I A B JRBSE B A2 e, Ik A 7 R, R 42 T T 0 A 7K s )

T EE WAL EhAE 7K TS R T R 1 RN ilE 100 KK
7 G W 2 T T TR B A 1 2 MR 30mg/L BRiEREL 800mg/L; JFRAHL R
200 K 7K T G W 428 07 T TR B 8 WAL 10mg/Ly FRER £k 500mg/L.

DR T A Al P A R A, 2 3 B R 28 1) 45 s ki T Rk sc 1 7
PR FEBRAE, RIS B A P Al SE PR B0 AT 1
4.2.2.3 75 KA IR B HE AR B AT B HE O IR AR

(1) e B

A bR HE R 75 7K A BRI A GO B BRAE AN i T (R R ks
GeWHFBbRHE) GB 26451-2011. (IS5 /KEEEHRAE) GB8978-1996 KA K (&
TR LB I RK TS YRR I YDB36 1016-2018 H1 17K Y5 G HE R AE -
5 QR FE IR AR, 2 AR A AR EE I &8 H AR 256 7% IR A Br BOR A 2 1) o
FITHf 5 RS e I TSOSRAE , S22 B P 40 E R F L oy 2 10 2 K A 38 T 2 7E
SR R SE A L BEIAEIRY .

(2) il ik HhE

OpH CEELD « F4b (LLF i) A2k, (L¥F4EE (CODer) | &
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B BEL BA. BB B B, B BB EIRERESR (BT
M35 B HE PR HE) GB 26451-2011 3R 2 g Al /K iS5 Y Hi ok B FR A i 5E -

QARSI (W L TMb5 B 1E) GB 26451-2011 % 3 7K 15 L5
HEBR (1 e

OmEREE (LL SO 1) « BREREE (LL SOLH) ERES I (8 74k -
W L FF RS FeHE R E) DB36 1016-2018% 1 85T AU H47 L R Albok
15 A HE SO FE BRAE v i — e ischn v, B 800mg/L. AkriES GB 26451 5
JePnmil H R BEBRAE AT LE W3R 4-2. ANRiES GB 26451 15 B0 H 3K FEBRAE X LE

W& 4-2,

& 4-2 RE%L5 GB 26451 75 R E RERMEA W (B4 mg/L)

CHr = Tl 35 Je 4 HE T GB 26451-2011 %

75 44 AR 2 HrEA W K TT G He HOR PR A HE AU
H
pH (L EH) 6~9 6~9
@A (LLFiT) 8 8
o K 4 4

¥ FaE

(coDer) 70 70
873 1 1
BA 30 30
A 10 15
Bk (L SO.2it) 800 /
M4 1 1
AR 0.05 0.05
B 0.2 0.2
A 0.1 0.1
4. HEE 0.1 0.1

423 RIFHHT

AFRAEFTIE S 7K 5 Gtk AL S0 0 12 A 22 S8 AT AR AL 3
S QT T AT R R . XS T R A R b YA BRI R 4 B
K IUABRAESE /K5 Az b 15 0, ) B 0 RGN DOK TS BBk &, &
IR A L R AR 7K A BB it FE TS P 7K B R A2 HE TGRS K

PR B TSR A 35 B8 B - Ly K A R e T T AR D KR
RIRE— % 1~10mg/L 2 18], TR ERH B — A 20-700mg/L 2 [8], 54 )8 BAEE.
SV VY R SRR T R S e A R R, HAR Rt R

AEPRAEEOR
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AR ATUSCEE IR % B9 T B ™ L b R A M S, o F OB T S A P <
Img/L 67 LI, B4 I T SR APk B2 ARG BT, (R Be AR RF 1mg/L LA, ¥
B (Hb R K IR S AR #E) GB3838-2002 3£ 1 Hh R /KIS I FE A Al S AT H At
BRAE TSR A AR AEBRAR o %of T T SR A P09 B2 > Img/L 1™ L, 4% T T S A
WREEA PRGN, 1E 1.34-1.89mg/L Z[H), Ref8 i & APk e IIbRIHEZR . B
Wi E AR BN E, BRIRER . B B A SR S o W A .
IEAFRIE SR, (R S CE R AR 7= L S B i R AU [X A 77 T2
5 4R BREORVE J5 1 B 1AM AR el
424 BATRE B ABHAE T R KR

H BT 0 DX R K AR5 it 32 B2 A3 g S st B X = AR K R OK T8 T iIsia
PRt , DR E A b e B A B A R e /K R AN T SR B S v B A Tl 1075 7K
AL BBt HETRA 6

B AU T R KL SRR HU AR 7 K L VBRI K RINE R Bk B R 7
WA - ARTE Y B ORTE P~ B 7 2R 0 RHR T T2 H KPR o, IE%
TELFEM MBS T, BGRE N TR E, KSR G A5 E FHAIME, &
AN RK . FERERTE LT, BOBCE TRV HEKE SR, U5E S
RUKBENAEF R G0, 5800 WA ILOR & K TR S, H RT3 X geit
B N 3 H SO =2 B T = 1500-1800m° /d, %2 HA /K B ANA A AL ET5 /K Ab HE
B AT IAARHER, S4ERRW 60 RitH, 44E4F" 2000tREO, i L1HH
45~54m*/d, DA, AFRESS A LA SEPR, €4 60m’® /t-REO.

43 KTTRMER HEN AT

e R 5 8 T AR T IR A AT RO 20 HAt T A IR K =, BT
M LRI L R, BEAK, MAEUR. SRR B L, 1%
B OB TR, — R INR R BRI A F R 20 1 4. BT R 5
BRI ) s B R KR 3 /K AR, 5 R 2 R AT HUR A #
IR HBRIR A 77 58 52 K SCHILGR 2% A BR Ak LA 58 2[RI, 3l A J2= T B RAR R B
FRFEIE BTN T T KAE, RIS N KIER, 77X R K S53tigokoK
TIRAREY), L, TR IR 2R3N AR R K A A — € 175 4K
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B R LK G B 45 e ) R 28 B AR R MR X P R 3R K B R K 3R
ST REFIAE FHThRE, (HS2 S5 HUIZA TF R T2 s SR WA PR IR PR o XU 5 4%
VERII Btk H Ao b B2, 8 I SR EBUK TS e R 18 7, I8 X 7Ky Jed™
B, BRI X Ah KI5 e i R, B bR X — @ Y0 Bl A K RS 7= AR fe e, X
MRS HAT G5 3t Huh SoKE SRR EEER M) (H 25.6-2019) HiK
15 3P4 1) A SR B

BRI S, B 720 L0 JE R IR SOK IS R s, S
AP it ME DL BB 17 R4S IR FH o il ZELaE 3 |32 AR P LA b A FR 2 )
EEAE R A GBI LR RAERARLAER LY. | RA B8R
FB 473 PR A 1 Tz e A s A 1 25 B A 7 T AR T B KT B P i
FrE A B N E PGB KI5 Gekb BRANE™ 1 A 255 5 25 5 AT O BT 22 4R 7
BRI LA IR B FRUERS QB v ARG, R T LD RSk
el R T Ru SRR ORISR R (B 4-1D) , JF
2D AT ST, B T B 7K BB 42 R

BT FIRTAE, AbrAES T BT AR L SR IR 7K TG e i 5 e g S AR
TR, DASAEVR S Rz bl oo A5 I e R A i R 7 428 55 3 T L AR A
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r I
| | kHeRkaE | |

|
| AR H

| [ reanFRRs | |
4

3N B a3 R O ¢

B 41 BTAHLY FHRT AT REHHHEKF

431 KGREFEHERER

AR BRI AR KT R K S el 42 S I, G4 8 70 LK
VSRR SR BT, St T BT AR L SR K S S 0 1 50
BRI, 4 AT X SERRR K SR A, RGHEE T4 B X A K5 e
PR FR . RN, SR R . MLV B RGP | 452 5 R 3 i 25y
T4t 7 SR (SR . R TR LA TF R A E TR R e R A AL
PR FAKTS G, SR R Mok 15 BB imdl 0 42 8K SRR A
FHAKT AR P 5 T 25 0 A 570 1 (R 5 57 5 T
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SRS B K
132 K% RISk MR B

ISk s A i, ASARHESR T IRSR X TS 0 VA - ZE 1A W IS 40T
Tt ROFEIR R IX WSO R G 0 07 VB N0 E 7K VA, i L Al SR A v e B o N ik
IKVE s FEWCIRIA AN & B HE KA, KA LL SR K AN HEK A s B Wi vA A
B 5 B vy T BT 20-30cm,  BI7 1B AMI R ZKHE NGRS« il HE 3w LARST 1k i
PRIIE KT NIR IR IEE R G S50 138 B RIR G  X ZE (0] B I T HE A,
B7 1E R T 2 A VR A Yk 0 35 G K A 75 G, AR B 2 [ A 1 5 P8 R A1 =y 12 L S 7K
SHEw, BB /KRN L E AR 1E oK ik

B0 b IR VRN 3235 K AR S IR Ts et T 7K, APRiESE R AT H R 7K 73
X 55 . RIARHE 7K SCHO 0T 26 A A1 B s B TS 1tk e, 45 & TR @ e v e Al
(AL TEN A S # R /KIRES) HI 610-2016 [ 7r X P73 EsR, APk A
oy RE RGBT IX . — RIS X AR R X . B A LR R PO &
v CARWCRIE . WORE . ) — o Im TR, BN TR TR 2
2L AR, BRSO R G R SR IR IE s d e 22 B o) Ti5 Jedstfil], & —Mk
BB E R AT IS R AT o X TV 35 VY 2378 55 2 BT R R L X T4 5 R BB X
BURATENE . X TZEE T2k QR Frasd. yiiEh, =it Bl
Wy FEKMEE) o B ER A E DXORHY e B A7 X S5 T B I B4 FH 1) it B 4 FE A
Piiz X EZRHEATRIE, BARNEE 4-4 3L 4-3.

& 44 WA BB A KHBIKE

P FRELEIEIRRERET aamsn i R E R
\ i b3 EREE LB E Mb>6.0m, %
- j

%{gj H -8 e iﬁjﬁ%?iﬁf % Z # K<1.0x107cm/s; 2 58

> % % o GB18598 .47
55 %';& NI J Jpe M) A SN =

— i & Hoph KA EHFE LB E Mb>1.5m,

SIK T % A, g RS0 %, % 8 GB16889
% B | AR il

T e 5 TS AT
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* 45 HTAFRSRHBEEXR

’g Z’E = (H) 4 BB
) > T E T Y FHHE L 5 E Mb>6.0m,
T FRREANBSTZBH 95 B G H s 8 £ ¥
X @ﬁﬁﬁﬁ%ﬁé\ ER A KSIOXI?-;EQQS;%L??%‘H@ GB
WREE. ENA. BA. BAH. | ZRGLIAE Mozl sm,
, | —#n A, & BB B4 455 £ 3
%X \ o A K<1.0x107cm/s; = %% GB
P B A A R gt
s | A0 (NN LT

BT R T MR R SR B R AR R R VSR 1 X
s, IR ASOR R G 5 BOiE — (BB AL B, B2 ARG AR 4 FL 25 A A
SCPRDIREA I 22 7, i LRSI CRER 2 TREEARMTE) GB/T 50600-2010,
AT LoE I Bl BB S A ST ThRE . W TR, T AT R AL R
2R, AT RAFE 5 R 42 6] BT E S A 1 2 B 0 TR 4 28 1 % L 2t p, I
T 2R B A AN BB 2 A IS BB 15 5K o AR B2 T AT BE ORI S,
AT IR 0.47mm, JhIAHIRGR ST 96.6N, MR ) 127.6N, HEEHE
B RBUNT 7.47X 10 Bem/s, MifEKIE 0.5MPa, EAT— 5 I UEE B A R 45 1B
Bk, IR AR IS ARSI S, BOR R AT, 2 I RER

AAREDE B A AR AR N G BRI N R IR R T
T B B, ARAE A IR R RSO LA B AT RO, AR TR
B LR R A A B b, AR Sk ER AT RES R AT T

AFRAESE R AT TSR 45 A 5 A FH I A O SO R SR R X AT
TEZKIRGE, WO RIIRE /K B B — 8 RECHIR A7), B T 7K AL B Ak 2R
SE bR JEHE o ARG S L B M R Geh LRI T H e 4 R 3@ T K e i
A AR R PR IE R PR R 2h . B PRI IR, LB R 2K th
5437Tmg/L F#KZE S14mg/L, BB FIKEH 823mg/L FFKZE 78mg/L, #HiWKkE
1.14mg/L PEARZE 0.2mg/L, JFE/KHTER Bh A AL B 483 AL /K 75 Gt il bn vl PRAB 2R

R S el s e e 5 a6 T A A [R] S B B TR I
H A8 2GRN H, 1A R TAT .
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433 KT HIE BT FEREE

PN I B R L i w4 7 T | A VA S VAR LB 62 B N N 27 v) PO
PR o H i R KA 5 M I BB 1 SR NG HRLT TR L 5 e i s T . AR
RIS o B AR I o R /K PRI M 0 586t RS T L 5 e s
PRI M) R 0 5 o AR B8 7 A VR R AR B U 251 L K RFFAE
MK S R AKKMIEOG R . IR RUR B AR AKIABEIhAESE, # 7 bR K ISR Hh
TR EEEh A WIS AR R, 3l o K B B A G O I 45 G 7K TG Yt i B R HEAT A2
(R IPEPE B

I8 HI91.2 ZEORPAT MR KRB i ah A bl o 50 b A s 22/ 1 A%
R, ZERRANSZBRR R HE R 100 2Ky 200 SKA7E 53 54 Bei5 el 12 W7 i
FERFN DX H IR /K S [X 32 FAH AE Adb 1) B e B A s T T T XU HH St
NIRRT A 7K I TR R W IR A X A B P58 BT ik b W T

I8 HI164. HJ610. HI1209 S50 R BEATH T /KRB BT S shas il . %)
FECH 0 S B AT PCAERT X T 7KL 1) e, IRATREANSZAT L A = i R s, )
ERAT R R 1A, TR ORI AT R AERT X NIRRT BT 30~50m AbEK
H R ARSI AL, BEANZ R BB E N A B S A A D T 3 A, BRI
SRR M 0 HE RT3k O X A T e 52 s e ) B K R S BRI L R IR IR mURIHE T 7K
IREEI I, I R A AR W] R 52 R M 0 B AT B E

AFRAESE H B B8 L FF R A B B ST OK IR 43 X 40 B EAA &R, AR K
JiR AL 53 0 BEAT 1B B A B fE kR R [RIR, 8 SOR A A IX KA 355 ) A
EIRE TR B, &St N3 BT8R0 LA X R K T KA S 8) 4
PR Z0 XI5 Yy 45 E A B S, SR F /K IR 1 2 s 2t 8
IMREHRGT G, RE/KASBF R R EERE
434 K5 F K 0 XK B 5

A TR B HH 7K T G oA ity IR 97 42 15 Mt 3 0,455 7535 SR ORI 22 ) T U 1
N it CETEVRT BT AE VA 25 B BRI, EIRER X ISR G A M 5 AR [
e AEN PO H AL BCE R KSR RGE L AR X NGB RO AU )T
IKACFR S, FReA T R R R o

e, RSt S B EE RN BT A7 S OTR A TR TR (3 RO R K s BB I 3 2
T2 DL 52 75 LB S R /KR, 38 5 A #2 AU R 7K A il [|] 22 95 7K
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AT A3 B8 ] P R T B s A OR B S = R A 7K 7 AR i 2 (e WA R [X At
NG RG0S TR IR AR HG 3= H ORI AT 77, 3805 75 B WA 4 1 S5 AR R Ak 42—
SE (AR AT A 15 V5 /KA i 2 TR IR K . 2i5 Yeth 3Rk A R K
R DX RGERT Br K Ab B, AbER 5 0 AR AT A== B A, I AR SRR T
IARF A A R 1 7K 5 Gl i 25K

HR K Hh R R Ge L FE bR R A WS I H AN R K Fh B, 2 b I
Pk R AR BUEAL Ho i v R AR RS 4 B ARE,  JE s N K H 3t AT oK,
TE R EB R KR =+ IX, R K 18RS 5275 L [0 7K AR5 7K 2 A b HCE ] Hb i
FTRCAARRE . Hb R K3 2R g0 A iR

OB LRP U S R /KA F Th B8 o 38 2E R 1 X AN U S H R K
R ZhRE I X 2 A v B R /K h$E R Ge, 8 G b i R KR8 7= A2 )

@K CHL T 25 o FHTH X N R /K SR SR KA, b Rl P % B R K
IR G E AR, AR X 5 R KRG 56 DU RIAECA ALK I Hh Bk B
MR/ R4, A feidt— DRHIEH I /KIITFE &2

OFEKRAZINE N LRAFREN XANRRAILIFN, BN XNERRS
T SCIAEN X AT, AR R /KR 2R 4 AT BAE A 1 R & i Hh B

O Z5AF R KSR G FE T o« B T X BKES 2R R 2%, RIARAER™ X 4h
LA T [l e A o KR TAE I ME S AR R, 25 B (X — g Y il L A [m) 33 &
P, BAFEHE IR, e D& E T /KIMIE RS, MR s2mats K ait
—B ARG, IR T KR R g s oA H DhRE .
4.4 WRER

AN HERE 15 G B RAE R I T8], AR B8 AU L0 IR ™ T 2 A,
RSB T L E R RIS R P R SRS G, GER K MR KSR
AR EE R o

WL TR HA, A AT B M 00 O A5 AR AN > T 1 IRVEERE s fEER
WA A SR K e B T e i s W, KB IR A DT 1 kB
T AT 3 2R 7K P 853 5 5 025 s BT T 7K M i AR AN F 1 W H

LRI, H R A FE I e K B I R AN DT 3 IR, L SFL Rk
HAZ DK 1 IR 15 Gy BRI S A B I BR AT 1 W H s PR R e BRI
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