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Risk assessment of heavy metal contamination concerning residents living in the vicinity of the
Cho Dien lead/zinc mine, Vietnam
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Chapter 1 provides the rational, structure of the thesis and the objectives to be achieved, and how to get
the expectation results. Since mining activities has posed a potential public health risk and environmental
concern from previous studies and based on current information on mining activities, environmental status
and health situation of residents in the mining site, Cho Dien mine in Vietnam was selected as a target area
of the research. Main objectives of this study were: (1) to investigate occurrence situation and identify the
sources of As and heavy metals; (2) to determine the accumulation of metals (Pb, Cd, Ca, Zn) in the
residents’ hair and to examine how ages, environmental factors, sex, and life style influenced metals
exposure; (3) to develop the environmental transport model (ETM) and physiologically based
pharmacokinetic model (PBPK) to estimate the pollution level of Pb in the environment and risk level of
human health; and (4) to propose the mitigation options for reducing the risk of human health by Pb
contamination.

Chapter 2 provides literature review of Pb and Cd related to the contents of the thesis, including their
properties, their regulation, effects on human body, occurrence in environment and human body.

Chapter 3 investigates occurrence situation of Arsenic and heavy metals in environmental samples, and
recognizes the sources of those elements. This chapter found that soil, drinking water, surface water and
vegetables in Cho Dien mine were polluted by As and heavy metals, especially by Pb element. Lead
content in drinking water and surface water exceeded the Vietnamese standards of 10 ug/L and 50 ug/L at
45% and 40% of sampling locations. The results also investigated the potential accumulation of As and
heavy metals in soils of the mining sites. Major pollution sources derived from mining activities and
tailings dam in the mining site. In addition, the results pointed out that residents living around the mining
site are suffering a significant potential health risks by intake of Pb and Cd via consumption of vegetables.

Chapter 4 determines the accumulation of metals (Pb, Cd, Ca, Zn) in the residents’ hair, examines how
ages, environmental factors, sex, and life style influenced metals exposure, and identifies determinant
factors in lead exposure of residents’ hair at the mining site. The results of this chapter showed that Pb
content in hair was very high and influenced by factors such as gender, age and environmental pollution.
Lead in soil had strong relationship with lead in hair (r = 0.81) and was the most determinantly influenced
on lead in hair of inhabitants. The results also found that lead in hair of children in Cho Dien mine was
much higher than previous studies, exceeded 6.61 times the Recommended Maximum Level (30 ug/g) at
2-6 years old. In addition, 66% of the total samples had hair lead levels higher than recommended value
and 14.6% higher than dangerous level (110 ng/g). The results showed that the residents living in and
around lead/zinc mine may be exposed by Pb contamination. Health of residents in Cho Dien mine might
be threaten by lead contamination from mining operations.

Chapter 5 develops the environmental transport model in order to estimate the pollution levels of Pb in
environmental media and assesses the health risk of individuals residing around the Cho Dien mine,. In
this chapter the mass balance was developed with the first was described how lead transfer in the
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environment in the period 1990-2030 and then applied to calculate daily intake of human due to vegetable
ingestion. The results figured that with using streams water for irrigation contained lead from mining
operations, the inhabitants living in the mining sites will suffer health effects from 2020 through vegetable
consumption. Lead concentrations in soil and vegetables increased significantly in the period from
1990-2030 when emissions from mining activities into soil was 1.148 tons/year. The modeled results also
indicated that Pb concentrations in soil exceeded the environmental standards 6.2, 9.0 and 11.9 times in
2010, 2020 and 2030, respectively. On the other hand, the daily intake of Pb from the different pathways:
from drinking water, soil and vegetable ingestion were investigated, showing that, due to the impact of
mining activities, lead levels in vegetables has increased significantly by years. Hazard quotient of Pb by
three pathways exposure was higher than 1 from 2020. As a consequence, the impact of Pb contamination
has seriously affected on human health in the mining sites.

Chapter 6 evaluates the kinetic behavior of lead within human body based on exposure pathway routes,
and estimates the internal dose of lead in human body at the mining site. The model estimated blood lead
levels (BLLs) of two subjects: an adult with a body weight of 55.6 kg and a 2 years old child with that of
9.5 kg. BLLs were estimated through 20 years exposure to lead for adult and 10 years exposure for
children through oral intake: vegetables, drinking water, and soil ingestion. The results showed that the
highest contribution to BLLs in children and adult was via daily consumption of local vegetables
(accounting 84.5% and 85.1%), then drinking water ingestion (12.4% and 7.86%), and soil ingestion
(3.1% and 6.97%) respectively. BLLs calculated through drinking water and soil ingestion below the
control level (10ug/dl) set by WHO. Vegetable consumption had a dominant contribution in increasing
BLLs, higher than control level 5.13 times after 20 years exposure for adults and 4.25 times for children
after 10 years exposure. In order to reach reduction target for BLLs of residents living in the mining site at
10 pg/dl, four scenarios have been considered for both adult and children. The modelled results showed
that, the best way for keeping BLLs of residents by the control level at 2020 is that the people should
avoid eating vegetables grown in lead contaminated areas.

Chapter 7 is for conclusion and recommendation. This research archived its main objectives: (1)
investigating occurrence situation and identifying the sources of As and heavy metals; (2) determining
metals accumulation in the residents’ hair and examining how ages, environmental factors, sex, and life
style influenced metals exposure; (3) estimating the pollution level of Pb in the environment and risk
level of human health; and (4) proposing the mitigation options for reducing the risk of human health by
Pb contamination. In addition, the findings will help the government carrying out the appropriate policies
in order to mitigate the effects to human health in the studied sites. Moreover, the results will provide
very good data for future directions. Besides, the appropriate recommendations have been made to local
governments and residents at the mining areas.
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KawLiE, X T LD Cho Dien$pn /HWEHILILDOEEZZ T TV HIMBZRE LT,
KXHRESBELEOREHEL, ANFHEETLEZHAV T ZICEDERORRICBIT
URAZFIMMZIT) FHEEZHBLLEZLOTHY, SHLICETOFEEFHLTHS LR DE
ROOWEHEY AT ZKETH2-D0BRERET D hikzRRtTo2b0Thbs, B0
EERERIIUTOEEY THD,

1. BEMAEICLY ., BHTHEL 2CmWVIEY, B, Kk, BERENNRLEDE
BRTHEINTVWALZE, ELTHEFEROOEZOEFTOESRBIEE N Z OHYEIC
HIELTWDZ EER LT, TOME, FICHhEDFIVLAOBREBEROEEL LT, %
DEFTEEBRENADTHDL Z LER LT,

2. EBEBORETRITTT LV (ETM  EROAEFET NV, T L TCAKTBITE T L (PBPK
FTN) EENLTHSIEICEY, BE~OESBOA V7 vy NOEEN L FElmO M
BOENLEBEEBEL TCAKROEMBEFREZ VI 2L — T2 FEEZMBLE, O
H. Cho Dien &/ HLERHE L2 D D EAIRIE Y O F B K 5 FF(E B O 4F i BI A 7R 75 YLk
MEFBRT S Z LKL, TOHEIRRN LEOBRRRICKEL BEBEZ T, HY
FEOERNERKOBERK THDLZEE2HL NI LT,

3. AWZETHEN LT FEZHWT, ZoofERoM T HiREZ RANL FHznZE
NIZHOWT, BREMEU FICHRET 27O OBSRICOWTHRE Lt £ ORE. 153
OBHREBMLR N R EOHBIZITI ZLICEI, RAbFHLEO L ZOffEERD
i gn iR A2 WHO DB HELL IR D Z &N TE D 2 & am LT,

LED &9 ISR E B RO MR TOBE O AETh oL~ oBE) £
TaRALTET LT 2T EEZRETI2bDOTHY AK~ORERLELIEREL L
BEBREGREDO U X7 M FEHLICRESERT 2D TH- T | it b, FEE
EHESTLEIANDRLI Vv, Ko T RimiEf L (T%) OFAmL & L CTliE
bobDEBEOD, T, F24FE8H23H, XA L ENICHELEZFHIZD
WTHMZIT-> T, HFFENH LR RBR ARG RELWZ L TWVWDL 2 L2 MR L,
Gk LT,




