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ABSI'RACT 

fts known to the international mining sectors, Hunan province, called as 
' Nonferrous Native Area ', is the main base of nonferrous metals pro
duction in China. There are over 194 nonferrous mines in this provi~ce, 
most of them distribute over the basin of Xianp;.jiang River. The state 
of management of wastewater in Hunan's nonferrous mines is outlined.The 
experiences and economic benefit in the management and treatment of wa
ste\vater in Bofang and iviayang copper mines, and at .Shizhuyuan polymeta
llic mine, are mainly introduced. It concludes with measures and 
recommendations for future management and treatment of \vastewater in 
Hunan's nonferrous mines. 

INTRODUCriON 

·.vater is the source of life, and the most e8sential environment condi
tion of the human living/life and the social development. i"bJch waste 
water has been 11roctuced, because of mining. 'The discharge of wastewater 
pollutes the natural waterways, effects the self-purification capacity, 
degrades the environmental quality, but directly influences the hu!Tlan 
health, the ecological equilibrium, the zootope and the plant ~rowth 
etc •• Therefore, the people have paid close attention to the influence 
of wastewater from the nonferrous mines on the environ!Tlent. In or-ler to 
protect the natural environment, bring the benefits to mankind and pro-
vide the good conditions for the animal living and plant growth, the 
sectors concerned have taken many suitable measures to protect water 
resources. 

The examples and measures of waste,..,a ter management in Hunan's nonferro
us mines in China are discussed in this paper. 

CiU<lLITY AND POLL'TTIW1 srR~NGl'H OF i'HNS WA.;rEWAT(t;R 

Hunan province situated in South-Central China, at the middle reaches 

•1 --- Senior Engineer; •2 --- Engineer 
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of Changjiang River and the North of Nanling Mountain. The rivers dis
tribute all over the province. '>'lith the exception of the plain rivers 
of Dongting Lake, there are over 5000 rivers, which most of them belong 
to the water system of Jongting Lake, with more than 5 Km in length. 
Hunan, climatically, is temperate rainy region; notable in geographic 
environment, it is characteristic of so called 1 Qishan Yishui Erfen
tian 1

, which means 70% is mountains, 1000 rivers and 2o% agricultural 
land. 

Called as 1 Nonferrous Native Area 1 , Hunan is the main base of nonfer
rous metal ,reduction in China. There are over 194 nonferrous mines. in 
this province, ~ost of them distribute over the basin of Xiangjiang 
River. 1-\s viewed from Hunan's natural conditions and the geographic no
sition of mines, the mine wastewatqr is very ant to flow into qnd 
nollute the natural waterways. Operated by the county .~overnments in 
Chenchou Region, more than 20 nonferrous mines distribute over the upn
er reaches of branches ( Ex. Laishui, Chonglingshui, Yonglejiang etc. ) 
of Xianz.~iang River. The discharge of wastewater from these mines is un 
to 20 million tons per year. Currently, it is very serious that the 
rivers and lakes are polluted by the :nine waste\•Rter. For instance, the 
content of zinc element in the waste;,:atPr from both Lnr:<~xia tailing re
servoir and Huangshaping undergrour::l lew:l-zinc mine is respectively1.53 
an~ 11. 1 3 times higher than the normal value of wastewater discharge 
set forth in China, while the maxi~um detected value is 18 times. Rela
tively, it is more serious that the metal elements are overcontained in 
the wastewater from Shuikoushan lead-zinc mine, that is to say, the co
ntents of copper, sulphide, lead, cadmium and zinc elements are indivi
dually 166.6, 61.35, 6.67, 4.25 and 3.26 times higher than the normal 
value of wastewater discharge. On the whole, the discharge of industri
al wastewater in Hunan province is up to 2000 million tons annually, in 
which the discharge of wastewater from the nonferrous mines into Xiang
,jiang River is more than 200 million tons per year. 

r.~e toxic elements in the mine wastewater are varied with the different 
kinds of orebodies. However, the toxic elements in the wastewater from 
the processinr, nlants are chanc;erl with the variation of ore and proces
sing technology. The noxious elements in wastewater from the nonferrous 
mines in Hunan are shown in rable 1 - 2. No tailing reservoirs have not 
yet been employed in some of processing nlants in the nonferrous mines 
in Hunan nowadays so that the tailings and wastewater are directly dis
charged into the natural waterways. In this way, the river courses are 
deposited, the agricultural land is emerged and the content of heavy 
metal elements in the soil is increased ( Table 3 ). The wastewater in 
some mines will not be well treated, so some wastewater directly flows 
into the underground waterways. For instance, the content of cadmium 
elements in water in Songbo section of Xiangjiang River is very high, 
corresponding to two times higher than that of the ground-level water 
standard set down in China, related to that the wastewater from ~>huikou 

Shan lead-zinc mine is directly discharged into Xiangjiang River. \'lith 
the development of nonferrous metals industry, the content of radioact
ive elements in the water of Xiangjiang River is gradually increased. 
The radiomaterial concentration in the water and the bottom soil of 
Xiangjiang River is shown in Table 4. 

In view of the circumstances above, the strength that wastewater from 
the Hunan's nonferrous mines has polluted the natural environment is 
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higher, so it is very necessary to manage and treat the mine wastewater. 

Table 1 Noxious Elements in Hine '..Vastewater ( mg/1 ) 

Noxious 
Elements Lead-Zinc Tun~sten 

Pb 

Zn 

Cd 

s2-

F 

ss 
Cu 

Sb 

As 

0.5-1 

2-90 

0.1-5 

2-10 

5-10 

1000-3000 

0.36 

0.2-6 

0.14-0.9 

4-5 

0.1-1.68 

Mines 
Antimony 

7-10 

1000-1500 

5-10 

0.5-2.0 

Copper 

5-10 

u 0.2-n.P. 

Gold 

<0.5 

0.1-0.25 

< 0.025 

0.1-0.3 

100-_500 

<o.o?5 

0.1-'1 

Table 2 Noxious Elements in V/astewater From Processing Plants 

Noxious Processing Plants ( mg/1 ) 

Elements 

Pb 

Cd 

Lead 

0.1-1.2 

0.05-0.6 

0.1-2 .o 

1-10 

ArOH 0.01-10 

F 

ss 
Cu 

As 

Xanthate 

1-50 

50-100 

\v-Mo-Bi 

0.01-0.2 

< 0.01 

0.06-6 

7-15 

1-10 

100-3000 

.<(_0.1 

0.01-0.1 

Copper 

5-10 

0.5-1.5 

0.5-3.0 

0.5-10 

CASE STUDY 

Antimony 

<o.01 
<o.o2 
0.02 

160 

_'5000 

< 0.025 

0.05 

Gold 

< 0.5 

< 0.025 

0.2 

1-20 

< 0.02'5 

0.3-3 

In China, Hunan is one of provinces that the managf'ment and trPatment of 
mine wastewater have been early carried out in the nonferrous mines. As 
early as 1972, Bofang under~round copner mine used the ion exchange nro
cess to treat the ·wastewater containinr; the copner-uranium elements, and 
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Table 3 Metal Elements in Agricultural land ( mg/kg ) 

.Sampling location 

E:lements Cao;vuan Heping '~ngshuitang Yuelu 

Cd o.P-2.1+7) 1.35-1J9 1.61+-4."1~ 0."'3-2.20 
* * • * 

~. ~3 0.24 0.?4 o. 3~ 
Pb 61.0-290 .o 5°. R-C7. P 1 :JO. 6-276.0 103. 5-16'5 .o 

"' • "' • :::>n.o ;~.0 16.75 

Cu 6P .• 3-77 .1+ .. • 
25 .. 0 1R.o 

?:l~-3550 127. 5-!;()1. 5 450-473.5 .. * * 7S.O 17.q SC.(J 

Notes: "' --- T:1e val';es taken in t'le sa:ne S•Jil at a distance 

··----- ---------------------
.nP.ments 

Natural U,g/1 

Ra-2?6,C/l 

Total Hadio-
matf!rials,C/1 

Natural Th 
g/kg 

Natural U 
g/kg 

Ra-226,C/l 

Radio·naterial Concentration 

"' 1 

1-1.25x10 -7 
I I -14 '+.·+x10 

4 -12 .9x10 

4.4x10-P 

6 -~ 1- .25x10 · 

1.40x1o-9 

* 2 

In · . .Jater 

n 

2.5-5x10_, 

(, 6 -13 1.,_,-7. x10 

6 h . 6 - 12 
)o 2-31 .4 x10 

10-35x10-S 

In Bottom Soil 

-3 1-9.25x10 

-9 2.1-3.1x10 . 

"' * 

• 
3 

2-4 

2.'•-22 

2-P 

* 4 

5-10-5 

3x10-
1 

1x1o-4 

1.7-7.0 
ppm 

1.5-2.5 2x1o-9 

Notes: 1 --- contrast values; 2 --- measured values taken 
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* from the middle and lower reaches; 3 --- times higher than 
contrast values; 4* --- limited concentration of groundlevel 
water set down in China. 

this treatment was rapidly developed into a technical scale. In order 
to eliminate the cyanide pollution, Baoshan conper mine built the ins
tallation which the wastewater from the processing plants was treated 
with bleaching powder. The flotation nrocess without cyanides or less 
cyanides is employed in some lead-zinc mines such as Huangshaning, T!io
lin, Hengdong, Qingshui tang and L:mP,"hui mines etc., so that the enviro
nmental pollution is greatly reduced. 

The mining of nonferrous mines ~akes the natural environment to be 
polluted and does the ecological equilibrium to be effected. The main 
form of manifestation is that the acid wastewater which contains a va
riety of metal ions pollutes the natural waterways. The treatmental 
technology is varied with the difference of conditions such as quality 
and amount of water in wastewater from all kinds of mines. In China,the 
methods of precipitation, air flotation, filtration, ion exchange, ex
traction, lime neutralization, sulphidization,high-gradient electric 
magnetization and reverse osmosis etc. are now used to treat the waste 
water containing metal ions. In order to manage and treat wastewater 
from the nonferrous mines effectively, it is irnnortant to get at the 
characteristics of mine wastewater. Generally,·this type of wastewater 
is great in amount, more in metal ion kinds, high in acidity,tremendous 
in changes of wastewater amount and metal ion concentration with the 
variation of time, and high in content of slime. Tnerefore,the suitable 
measures must be taken, technologically, to treat the wastewater,accor
ding to its characteristics. Here outline the management and treatment 
of wastewater in Bofang and Hayang copper mines and in Shizhuyuan po
lymetallic mine, respectively. 

Bofang Copper Mine 

The deposit is the small association of copper and uranium or in Bofang 
mine. The radioactive wastewater is produced in under~round mining and 
ore processing/melting. In the past years, this kind of wastewater was 
diluted, then directly discharged into Xiangjiang River so that the 
water in Xiangjiang River was greatly polluted. There contains the met
al elements of uranium, arsenic and copper etc. in the wastewater,shown 
in Table 5. This mine used the ion exchange process to treat the radio
active wastewater. The first plant for the treatment of wastew~ter was 
built in 1971, and the daily ca-pacity was up to 3000-3500 tons, while 
another nlant built in 1979 could treat 6000 tons of wastewater per 
day. In addition, the purification system was installed so that the te
chnology of wastewater treatment was brought into more nerfection. 

'I'l1e mine water was used as the mill/melt plant water, while the .surplus 
water v1as trseted separately. In this ·,;ay, the treatment of wastewater 
was greatly reduced, and the recovery of conper processing v<as increas
ed by 1-2% • The treated water up to the hygienic standard was pumped 
to the sulfuric acid factory for use in cooling, then the cooling water 
was transported to the copper melt-plant for use in flushing slag. This 
practice can make the water reuse and save. The comprehensive treat
ment of wastewater is shown in Fig. 1. 
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Table 5 :~ality and Amount of Radioactive Wastewater in 
Bofang Copper Mine ( mg/1 ) 

Element Content Underground Mine Processing Plant 

u 
Suspended 
Substance 

As 

Cu 

Ca 

F +++ e . 

Fe++ 

so-2 
4 

HC0-1 
3 

co-2 
3 

Ra ( C/1 

pH 

) 

0.155 

52.58 

0.26 

little 

70 

79.94 

5.45x1o-11 -2x1o-10 

6 

5-10 

7000 

5.87 

37-5 

336 

124 

-10 2-4.1x10 

10 

The surplus mine wastewater was uumped to the treating station installed 
with the jig table, and the uranium elements were also recovered from 
it. 0.015 gram of chlorat.ed barium was added into one litre of drainage 
from the jig table, then this drainage was discharged into th~11 settling pond for removing Ra. After treating, U~0.05 mg/1 , Ra~3x10 C/1 and 
pH = 6 in the wastewater. Such this wastewater can be reused as the in
dustrial water. 

The uranium elements in the mine/melt-plant wastewater were recovered 
through the use of ion exchange process. The sulfuric acid, aggregated 
chlorine aluminium and chlorated barium used as the settle agent were 
added into the wastewater and pH value was controlled within the limit 
of 6-7. 'fhe metal elements of U and Ra in the wastewater after treating 
were up to the discharge standard, shown in Table 6. 

In recent years, Bofang mine has treated 5.55 million tons of wastewater 
and the recovery of uranium elements has been up to 27.9 tons, valued at 
more than 6.50 million Yuan ( R~ffi ). The mine wastewater has been used 
for the ore processing and melting so that the fresh water can be saved 
by 2500 t/d , and the water/power, the agent of Ra removal and the ion 
exchange resin can also be saved by 48000 , 15000 and 177000 Yuan per 
year, respectively. Through many years' effort, the pollution of waste
water from this mine to the environment, notable to Xiangjiang River,has 
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been almost eliminated. 

Table 6 Results of Wastewater Treatment 

Wastewater Types 

Mines Mills/Melt plants 

u In Orained Water,mg/1 ~0.05 < 0.05 

Purification Effy, % <.97-99 97 - 99 

In :>.rained 1'/ater, C/1 <)X 10-11 ~ -11 -....;::: '3 X 10 
Ra 

Purification Effy, % 91+ - 96 94 - 98 

In Drained Water,mg/1 little <o.1o 
As Purification Effy, % 99.5 

U Recovery, % Ro - 95 95 - 97 

suspended Substance, mg/1 No No 

pH Value 6.0 6 - 7 

Noxious Substance Up to Hygienic St. Up to Hygienic St. 

Shizhuyuan Polymetallic Mine 

The characteristics of tailing water in Shizhuyuan polymetallic mine 
are as follows: 

1. The content of suspended sustance is high, up to more than 10000mg/l. 
This tailing water is not apt to naturally precipitate. 

2. pH value is high, approaching to 10 • 

3. The content of sulfide, COD and fluoride is higher than the dischar
ge standards of industrial wastes, and 1.92-7.04, 110-325 and 12-34 
mg/1 respectively. 

According to the characteristics of tailing.water in this mine, it has 
proved practical to use the precinitation process for treatin~ this 
kind of water. It has been effective that the sulfate ions are removed 
away from the wastewater through adding the ferriferrous sulfite. The 
water is clear and transparent after treating. After settling for fift
een minutes, the treatmental results of wastewater can reach to the 
discharge standards of industrial wastes, shown in Table 7. 

Mayang Copper Mine 

1-layang is a small mine that the 00pper barilla is separated through the 
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us;e of sinp;le stage flotation, with a processing capacity of 500 t/d • 

J • 
1 t • 'f r- v 5 

vis::>ro. U bY Ion • Sat ... 'd "' ~ 2 • Cxchance, 150J:'\'! -· /d 
•valte 

~Resin 6 .. ? t t t 
Sa.t •rt .later /Slag Sec.Resin • Adsorb. 7 .. 
t{esin '¥ 8 . :)rain •. t l'ail.Pond ..,.. -·r Settle. t 

~ t • t Settle. 
3 Goarse Nill or 

Solid Helt. '1/a- u Cone 

I 
9 

~ + Settle. ste1l/ater 
.. 

Settle. I.;. 

l .____ 
.f 

t 
.. 

I 
t • 

10 

• 
11 

Discharge 

l''ig. 1 ?low Sheet of Comprehensive ·rreatment an~ Utilization of 
Hadioactive ~·iaste•tlater in Bofang Cop-aer Hine 
• 'l( * 

Notes: 1 ---mine wastewater, i>OOO m-"/d; 2 --- mill or melt l)lant 
7.. * * 

\•later, 2500 m '/d; 3' --- removin'I Ra by adding Ba; 4 --- \vater 110 

* * to hyr;ienic stAndard; 5 --- ac1sJrhinq: U b;.• ion exc"",an>:'e; {, 
* * a';,sorbin:~7 d:rainarse; 7 --- •1ualif~.e:l 1 i ·:.~.:ir-1; ~, --- ~c~:-L:Yinr~ U and 

* 

* 

* •.vater use:! for cooline; in cTl1furic aciJ plant; 11---

\Vater usej for flns~·-:ing slag in copner :nel t ulant. 

i'he ·.raste•vater consists of the tailins •·:ater ( ').4 million m3 /yr ) , the 

mine '"'ater ( 10C m3 /d ) and other water including the flushi::1g watert 

cooling '.oiater and effluent 1<1ater from the concentr!'ltors ~'tc. C'+OO m3/,!). 
The clo,;:;e:i-wastw,,ater circuit system has former! and no frE·sh ••ater is 
required in the ore processing. 

The mine has built a tailing reservoir with a volume of 0.99 million m3 

to precipitate and reuse the tailing water so that the wastewater with 
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a volume of about 0.15 million m3 can be converged per year. In addi
tion, the practical management system has been formulated to put the 
measures of wastewater treatment into effective execution. 

Table 7 

Before 

After 

First 

Second 

Results of Tailing Water Treated 1,4ith Precipitating 
Process 

pH Value Sulfide, mg/1 COD, mg/1 

Treat. 10.1 3.25 139 
Treat. 6.5 0.5P. 50 

Il3.y 6.7 0.32 C:::() 
./ ... 

Day 7.1 0.32 49 

Through the utilization of wastewater, the power cost can be reduced by 
45650 Yuan, and the recovery of ore and copper meltal is 1500 and 7.2 
tons respectively, valued at 19000 Yuan, i.e. totalising 64650 Yuan. In 
addition, the recovery of rougher flotation is up to 83% and the grade 
of coarse concentrate is 29.06% Cu, increased by 1.42% and 8.6% respe
ctively higher than that when using the fresh "'ater. 1'he consumption of 
agent is also reduced, as shown in Table 8. 

In Mayang copner mine, the reused rate is up to 7o% by means of the ut
ilized measures of mill wastewater. The wastewater reuse is an importa
nt way to manage and treat the mine wastewater. However, the technology 
of wastewater reclamation in China's mines must be futher improved as 
to catch up with the world advanced level as soon as possible. 

Table 8 Comparison of Results of ~astewater With Fresh Water 
Used in Processing Plants 

Separation Ind.,% Agent Consumntion, g/t(ore) Percentage 

L:cu f3cu B. X "'1 
Sulf. Na Resinol w.w. *2 F .VJ. 

*3 

87.02 19.56 617 195 242 50 50 
89.92 25.lt6 521 95 150 80 20 
90.86 23.15 523 40 135 100 0 

Notes: *1 --- butyl xanthate; *2 --- wastewater; *3 --- fresh water 

In recent years, the great efforts to manage and treat the mine water 
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have been made in Hunan. However, the management and treatment of wast
ewater are not only related to the technology but involved with the 
managemental meAsures. The managemental measure" of wastewater in the 
nonferrous mines in Hunan are as follows: 

1. Execute Regional IIJanagement by ;Jividing River Into Sections 

There are three water systems ( Dongting Lake, Poyang Lake and Zhujiang 
River ) in Hunan, in which the water system of Dongting Lake ( the ri
vers of Xiangjiang, Zijiang, Yuanshui and Lishui ) distributes over 
Hunan. 'l'he most of nonferrous mines locate at the upner reaches of the 
three water systems. In order to protect the natural waterways from po
llution, the sectors of environmental proteccion at all levels from the 
nrovincial government to the local administrations of mines have taken 
such measures as .iividing river iEto sec-cions, executing the regional 
management and assigning the ::":111-time tect-:n:icians at all levels f,y::' 
this work. In ad -'i tion, the fu11- or half-t:Une \W':''~ers at the regional 
and com~unal administrGti0ns of countryside are also appointed to do 
-:~·:is ~.rork. 

2. Set un the Perfect Monitoring ..>ystem of River Basins and Full Contr
ol t::.e T'olluti0n of Mine \'iastewater 

In Hunan's nonfen·ou13 mines, the environmental protection has been pla
ced ore. the agenda, brought into the management of mine enterprises and 
used as one of acceptance inspection inrlexes for mine production. Acco
rdinG to the rules that ' polluter pays principle ' and ' polluter pays 
money for the discharge of sewage higher than the standard ',the sector 
of environmental protection at all 1eve1s orders it to treat the pollu
tion within the limited period;if delay,imposes a fine on it. On the 
basis of the general survey of river basins, all of monitoring stations 
including ones in mines monitor the pollutants in the basin periodical
ly and have the situation of pollution well in hand timely as to provi
de more accurate basis for the treatment of pollution. 

3. Enhance the Scientific Research on the Management and Treatment of 
Mine 'llastewater 

In the light of characteristics of wastewater in the nonferrous mines, 
the optimal design of treating systems for all mine wastewater has been 
developed,and the mathematical models and the relation of the environ
mental benefit for a managemental measure with the socio-economic bene
fit are sought to establish. 

Lf. Improve the Treatmental Technology of Mine \vastewater 

Everything nossible must be done to use the new types of technology,ag
ent and equioment so that the treatmental technology of wastewater and 
the benefits of both economics and environment in the mine development 
are improved. 

CONCLUSIONS 

'rhe authors believe the reuse of treated mine wastewater to be signifi
cant and to have a good economic benefit in the regions lacking in 
water resource. In particular, the reuse of treated mine wastewater has 
a good future. In addition, the mathematical models and the weighted 
process should be used in the assessment of environmental benefit on 
the mine wastewater treatment. 
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