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Abstract. The quantitative distribution o f  As, Cu, Pb, Zn elements in vvater and soils around Giáp 
Lai and Minh Quang suỉfur deposits is presented in this work. The preliminary results delineate the 
íollovving: i) The content of As in water is quite lovv and is below the polluted limit. The soils vvas 
symptomatic o f  pollution by As at lovv ỉevel. ii) The contents o f Cu and Zn arc higher than that o f 
Pb, especially in some localities, Cu and Zn contents are over the permissible threshold o f the 
surface water quality and form high anomaỉies. iii) The content o f  As, Cu, Zn, Pb in the Red 
River’s water is higher than that in the expỉoitation area. This reveals that the arsenic and other 
heavy metals presented in the Red River’s water may come from other sources ỉocated in the upper 
course of the river .
Key^vords: Arsenic, Copper, Zinc, Lead; Soiỉs;

1. In tro d u c tio n

C urrently , its ex ists d iíĩeren t opinions on 
the causes o f  heavy m etallic pollution 
(especially  arsenic) in the vvater o f  the Bac Bo 
đelta plain. Som e authors tentatively  conclude 
that the arsenic, m angan and am m onium  
pollution o f  the underground vvater is caused by 
household, industrial and agricultural vvaste and 
w ater overexplo ita tion  [3,7]. Som e others 
em phasized the natural causes o f  the pollution. 
A ccording to  N guyễn Văn Đản and N guyễn Thị 
Dung, com ponents o f  the Q uaternary sedim ents 
in the study area m ay be the source produced 
contam inated elem ents [5]. Phạm Hùng V iệt et
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al. argue that the  existence o f  high con ten t o f  
A rsenic in underground w ater o f  the Bac Bo 
delta plain m ay be related to  the “erosion and 
w eathering processes leading to  the enrichm ent 
o f  arsenic in iron ores such as iron oxy- 
hydroxide. T hese ores w ould becom e the 
sedim entary m aterials for the form ations 
bearing A s" [6].

In the present work, One hypothesis has 
been íòrm ulated  as following: the  heavy 
m etallic pollution in the w ater o f  the  Bac Bo 
delta plain m ay be caused from sulfur ores 
deposits from the  Red River upper course. This 
hypothesis is rational i f  it considers the 
em ission o f  A s  and other heavy m etallic 
elem ents to  the  soil and vvater environm ent due 
to  sulfur disintegration [ 1 ,2 ]. In order to  accept
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o r reject this hypothesis, G iáp Lai and Minh 
Q uang pyrite ores deposits w ere investigated to 
characterize the geochem ical distributions o f  
As, Cu, Zn, Pb in soils and vvater environm ent 
surrounding these deposits.

2. M eth o d s

T o study the distribution o f  those elem ents 
in soil and vvater environm ents in relation to  the 
pyrite  exploitation and Processing a t the Giáp 
Lai and M inh Q uang deposits, the surveys start 
from the  center o f  deposits to  bigger rivers in 
the area through out the sm all stream s. In the 
M inh Q uang deposits, the survey w as taken

from M inh Q uang stream  to  Da river. In the 
G iap Lai area, the survey vvas taken from the 
Bứa river to  T ứ  Kỳ Bridge, vvhere it coníluence 
w ith the Red River, and then expanded upvvard 
and dovvnvvard along the Red River to  the 
Phong C hâu Bridge (Fig. 1). The investigated 
targets com pose o f  stream and river vvater, 
household well, soils and ores. T hese samples 
vvere analyzed by A tom ic A bsorption mcthod at 
Sub-Institute o f  Technology and Environm ent 
Protection. T he polished sam ples are exam ined 
under the re ílected  light m icroscope Axioscope 
40 in the M ineral-Petrological Lab at Hanoi 
University o f  Science.
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Fig. 1. The map shovving the surveyed data.
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3. G en e ra l geochem ical-m ineralog ical 
c h a ra c te r is tic s  o f  p y rite  m incs

3.1. The G iáp Lai p yrite  mine

It locates at G iáp Lai com m unc, Thanh Sơn 
d istric t, Phú Thọ province.

C o-ordinate:

21 011'45" N;

105°15'30" E.

T he  m ine originates from hydrotherm al 
m ctasom atosed type. The country rocks include 
dolom ite marble, m ica schist o f  the Thach 
K hoan íòrm ation, am ong w hich the marble 
contains ore m inerals. There are approxim ately 
40 ore  bodies m aking parallel array and 
coinciding w ith the azim uth o f  country rocks. 
T hey have different shapes including lode, 
íasciculate and lenticle typcs [9]. Som e ore 
bodies are exposed to  the surface and the others 
still locate under the surface. T he m ine cover an 
area vvith llOOm in Iength and 180m in vvidth. 
T he size o f  the o re  bodies and sulfur content 
decrease dow nward. M ain m ineral o f  these 
bodies is pyrite and pyrotine.

By m inerallographical analysis, most o f  
pyrite crystals possess sem i-euhedral, 0,2 - 
2,5m m  in size, 53%  in coeíTicient o f  reílection. 
They occur in form  o f  chains w hich are 
dispersed and clearly distinguished from host 
rock. Some pyrites su íĩe r from limonitzation 
(Fig. 2,3). Ore characterized dissem inated 
structure; T hese o re  consists o f  30%  pyrite Ihe 
rest are non-ore minerals.

T here are 2 types o f  pyrite, fresh and 
weathered ore. T he m ạịority belongs to the íirst 
one. Fresh pyrite locates bclovv the w ater table 
and possesses high content o f  sulphur (>30% ). 
Due to  the present o f  w ater table, at the top o f  
ore bodies, pyrite exists in form  o f  very fine 
grain and unconsolidated State m ixed vvith 30- 
40%  o f  clay m inerals. D ow nw ard, the pyrites 
are more rigid. They occur m ainly in m arbles in 
form o f  dissem ination w ith sulphur content less 
than 30%.

W eathered pyrite  ores formed a 5-45 m 
thick layer consisting o f  lim onite w ith the 
content o f  Fe o v e r 40%.

A verage content o f  sulphur in ore deposits 
is about 24.45% .

Fig. 2. Beaded assemblage o f pyrite (sample GL.01). 

3.2. The M inh Q uang  p yriíe  m ìne

It situates in M inh Q uang com m une, Ba Vì 
district, Hà Nội 

Co-ordinate:
21°03 3 0 ” N ;

105°20 3 6 ” E.

Fig. 3. Semi-cuhedral pyrite (sample GL.02).
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The M inh Q uang pyrite m ine is a effusive 
hydrotherm al ones related to  the Viên Nam 
fonnation (T|VW) com posing o f  kom atite in the 
lovver part and trachite, felsite in the upper part. 
The deposits consists o f  4 o re  bodies vvith 150- 
850 m in length, 20-150m  in vvidth and 2-46.4m 
in thickness. M ain m inerals in the ore deposits 
are pyrite, pyrotine, chalcopyrite and enargite. 
Host rock suíTers from kaolinitization. Content 
o f  sulphur o f  ores ranges from 4.06 to  45.75%  
vvith 14.11% average.

U nder the m inerallographic m icroscope, 2 
generations o f  pyrite w ere identiíìed. The first 
one is characterized by aphanitic texture vvith 
unclear boundary. They form s the m atrix or 
groundm ass covering 60%  o f  the polished 
sam ples under-investigation. T he second 
generation is characterized by fine grains and 
clear boundary o f  bands setting  up a net o f 
pyrite crystals on the m atrix (Fig. 4).

Fig. 4. 2 genesis Pyrite (sample MQ.01).

4. A nalysis resu lts  a n d  discussion

The content o f  As, Cu, Pb, Zn elem ents in 
soils and vvater are prescnted in the table 1 .

Their d istribu tion  w ill be discussed in thc next 
paragraphs.

Table 1. Content o f eỉemenls

Samples As Zn Cu Pb
Water samples (mg/1)

MQ.Ola 0.006 28.949 5.748 0.088
MQ.OIb 0.002 26.983 4.535 0.007
MQ.04 0.007 0.225 0.046 0.015
GL.02 0.006 0.009 0.111 0.009
GL.04 0.004 0.112 0.005 0.005
GL.08 0.013 0.662 1.887 7.118
GL.09 0.036 0.258 0.080 0.057
GL.07 0.016 0.125 0.016 0.038
GL.12 0.048 0.590 0.545 0.877

Soil samples (ppm)
GL-8Đ
GL-12Đ
GL-13Đ

8.559
9.948
9.201

No data 
No data 
No data

No data 
No data 
No data

No data 
No data 
No data

4.1. A rsenic

A rsenic con len t in the vvater sam ples ranges 
from 0.002 to  0 .048 mg/1 that is under the 
pollution th resho ld  respect to  surface vvater 
according to  the surface vvater S tan d ard  (TCVN 
5942-1995). In com parison vvith the surface 
w a te r  S ta n d a rd  TC V N  5502-2003, a rsen ic  

content in som e analyzed sam ples in G iáp Lai 
deposit (G L .07 , G L .08), in B ứa river (G L.09) 
and in the R ed R iver (GL.12), are over Standard.

A rsenic con ten ts o f  the w ater sam ples from 
Giap Lai area and  along the Red River are 
displayed in the  Fig. 5. N ote that the Bứa River, 
com ing from  the  G iap  Lai m ine, ílovvs to the 
Red River but the  arsenic content along Bứa 
River is low er than that o f  sam ples taken from 
the Red River. This reveals that the high arsenic 
content in the  Red R iver’s vvater is nol link 
directly to  the G iap  Lai mine.

A rsenic con tcn t in the soil sam ples taken 
from sam e area varies from 8.6 to 9.2 ppm. In 
com parison vvith the average arsenic content in
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the w orld  soil, thesc valucs are  approxim ately 
double. Hovvever, it is sym ptom atic  pollution in 
accordance vvith C anadian S tandard  vvith TEL 
co-efficien t approxim ately equal 1.2. S im ilar to 
vvater samples, the arsen ic  con ten t o f  the soil 
sam ples taken from the right bank o f  the Red 
R iver is also higher than  those taken from the 
G iap Lai mine. T he such varia tion  o f  arsenic 
con ten t in the vvater and soil environm ent 
reveals that the source o f  arsen ic  presented in 
the Red River is even tua lly  link to  the 
\veathering in the upper course.

T he  arscnic content in sam plcs collected 
from household vvclls in the  M inh Q uang and 
G iáp Lai a re a s  is lovver than th a t  o f  S tandard . 
Paradoxically, the arsen ic  con ten t in vvater 
sam ples at the Minh Q uang  explo itation  site is 
very low ranging from 0 .002-0 .006  mg/1. Two 
typical sam ples have been selec ted  to  analyze. 
Sam ple M Q .O la taken from  transparen t and 
clear w ater has arsenic con ten t sm aller than that 
o f  M Q .O lb taken from yellow  w ater. The 
reason o f  this d iíĩerence is unclear. However, 
the possible explanations link to  the  a b so rp tio n  

o f  arsenic elem ent by fcrric (III) iron hydroxiđe.

Fig. 5. Variation o f arsenic content in vvater along 
the colỉected sampỉe sections.

4.2. Copper

The content o f  C u in the  vvater sam ples 
collected in the study area ranges from  0.005 to 
5.748 mg/l. T he highest value m easured in the 
sam ples collecled in slream s at th e  M inh Q uang

mine is 5 tim es higher than that o f  Standard 
TC V N  5942-1995. Fortunatcly, the Cu content 
in sam ples collected in household wells is in 
safe range.

The Cu content in sam ples collccted in 
stream s and household vvells in the G iáp Lai 
area is low er than 0.5 m g/l except one sample 
G L.08 (2m g/l) collected right at the dumping 
ground.

T he C u content o f  the sam ples (GL.02, 
G L.04, G L .07, G L .09, G L12) collected from 
G iap Lai m ine to  the Red River through the 
Bứa River tends to  increase tovvard the Red 
River (Fig. 6 ).

4.3. L ead

In the area o f  the M inh Q uang mine, the 
content o f  P b  in the  w ater sam ples ranges from
0.007 to 0 .088 mg/1. It is vvorthy that two 
sam ples M Q .04 taken from a household well 
and M Q .O la taken from M inh Q uang sừeam  
have Pb con ten t are 1.5 and 8 time respectively 
h igher than that o f  the S tandard  TCVN 5502- 
2003.

The content o f  Pb in alm ost o f  the water 
sam ples collected in thc G iap Lai mine is lower 
than 0.01 mg /1 and stỉll safe condition. 
Hovvever, one sam ple collected a t the dumping 
ground has lead content as high as 7.118mg/l. 
The Pb con ten t tends to  increase along the 
running course o f  the  Bứa River to  the Red 
R iver (F ig.6 ).

Fig. 6 . Variation o f Cu, Pb and Zn contents in vvater 
along the coỉỉected sample sections.



96 D. Mai et al. / VNU Ịoumal of Science, Earth Sciences 25 (2009) 91-97

4.4. Z inc

T he content o f  Zn in vvater sam ples 
collected in the M inh Q uang stream s is as high 
as  26-28m g/l w hile the Standard TC V N  5942- 
1995 for drinking w ater is only  lmg/1. The 
sam ple collected in a household vvell has the Zn 
con ten t 0.225m g/l and being still under the 
S tan d ard .

In the G iáp Lai area, the Zn content in the 
w ater sam ples is lovver than lm g/l and being 
still under the Standard. T he Zn content in the 
vvater sam ple collected from the  Red River is
0 .6  mg/1. T hus, the content o f  Zn tends to 
increase from the Bứa R iver to  the Red River 
(F ig. 6).

H eavy m etals such as A s, Cu, Pb, Zn 
presented in w ater o f  the study areas m ay be 
linked to  the oxidation o f  sulfides in thẹ 
fo llow ing manner:

[M ]S + 0 2 ->  [M ]S 0 4

W here M denote to  heavy m etals

T he solubility o f  sulfates is m uch higher 
than  that o f  sulfides, especially  ZnSƠ 4 and 
C 11SO4 , for exam ple the solubility o f  Z n S 0 4 is
50.000 tim es higher than that o f  ZnS, the 
solubility  o f  C u S 0 4 is 400.000 tim es higher 
than that o f  CuS. Hovvever, the lead sulíate is 
qu ite  d iíĩìcu lt to  d issolve (the solubility o f  
anglezite is 1.3.10*4 mol/l). It is the scientiíĩc 
base to  explain the existence o f  the Cu and Zn 
anom alies in the M inh Q uang mine w hile the 
con ten t o f  Pb is no t very  high. In the 
environm ent containing ferric (III) iron 
hydroxides, the form o f  existence o f  As 
(F e A s0 4.2H 20 )  only  dissolves in acid 
environm ent. This m ay be the reason for the 
low content o f  A s in the w ater environm ent o f 
the  study area.

5. C onclusions

T he resu lts presented in this paper te n d  to 
follow ing conclusions:

i. In the  study area, the arsenic con ten t in 
vvater environm ent is relatively low  and still 
unđer the pollution threshold but sym ptom atic 
pollution in the soil.

ii. The contents o f  Cu and Zn are h igher 
than that o f  Pb in vvater sam ples. In som e places 
they form high anom alies w ith contents over 
the perm iss ion  by thc  Standard.

iii. T he  fact that high content o f  heavy 
m etals in the Red R iver’s w ater w hile low 
contents o f  heavy m etals in the m in e ^  vvater 
suggests th a t the arsenic and other heavy 
m etallic pollution in the underground w ater o f  
the Red R iver plain is eventually com e from  the 
Red R iver upper course.

iiii. H eavy m etals such as As, Cu, Pb, Zn 
presented in w ater o f  the study areas m ay be 
linked to  the  oxidation o f  sulíìdes

Due to  the lim itation o f  actual data, the 
tentative conclusions should be íurther 
improved.
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