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Table 1. Physico-chemical parameters and heavy metals of acidic drainage of Sungun copper mine

(Mn) 350 (Fe) pol  (Cu) o (SO4?) wlifgus  (Acidity) aaww!  TDS  pH  (Temp.) Lo )
(Period) o9

mg/h  (mgl)  (mg/h) (mg/h (mg/h) mo/h - ¢C)
aA UL‘T
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(November 2019)
A o
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30.2 0.231 153.6 14445 963 3010 4.01 4
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56.2 0.411 288.3 1400 1616 3050 3.98 6
(June 2020)
9 5
54.2 0.256 317.06 3272 1642 4210 4.09 4
(July 2020)
99 ol e
60.8 0.078 320.6 3000 1658 4200 3.85 7
(August 2020)
AL
39.6 0.091 344.3 2424.2 1600 3750  3.95 -1 H
(September 2020)
28.7 <0.02 153.6 1400 963 3010 338 -1 .
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60.8 0.411 344.3 4242.4 1658 4970  4.09 7
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Table 2. Results of acid flow of Sungun copper mine

Q) F (V) bwgito e jaw (A) gladio las (Period) 0,98

m3/hr m/s m2

1224 0.314 0.108 (June 2020) 49 sls >
97.2 0.1462 0.2 (uly 2020) a9 .5
115.2 0.1762 0.2 (August 2020) 43 sls e
126 0.1311 03 (September 2020) 44 g, 4.5
97.2 0.1311 0.108 Min) a s
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115.2 0.191 0.202 (AVe) hwgie
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Table 3. Comparison of physico-chemical parameters and heavy metals with the permissible limits of wastewater discharge to
surface waters of the Environmental Protection Organization
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Fig. 3- Comparison of physico-chemical results with the permissible limits of wastewater discharge to surface waters
(Environmental Protection Organization)
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Fig. 4- Comparison of heavy metals results with the permissible limits of wastewater discharge to surface waters (Environmental
Protection Organization)

Ol g Gl da SIS ol Sl (sl cnnslin Lyl
3 ol gl ol (Hamidi, 2015) 5,1 04>
oad (St slajls clilé 2l corge ganl laj
Sy ]S oo 5 | Loy G j5ee g oo 5131
P 5 podadge 5iSie (S o 0ge (paslS
bole; (nl )o Jyore jobar &5 aitws olagsslS Sl
5 iy el e ool il g
wilbge ole; by glalae alex 5l Slige,

(Masomei et al., 2014)
-~ Wlg3 o (AMD) o yans (sl slaolaj sl 153G
ol (52 b 5 crtae <53 ol o 5 5050l o

oo e Vb gl lased g laJgar jl a5 jshailes
AL e g e ey PH sl ol ly e 0l
cblas lojle sgw 3l oo Lasuin o laliwl sgus
Lo

bz 4 5lula 51 S (nl b wdloe S
ol oasilu) jlme dga> 5l Sl 4 eyl Wb
Sl oloy atal g 4 5l @S cpl A wxdl

Bl oo 3l 1) 99w (o
o el Ko e (AMD) yasse Sl ol
6\.\.&.]9..» GL“QW 9 aS ol ‘SM.M)) L:.au JSV....A
sbul g sondlgw slaadbl YU x> Jdoas (5518

Ve 550 F o)l (00395 0,99 ¢ daons pole anlilad

VFa



~(AMD) glam yaxe ol Doy (&S 5 (oS ()

slge laicay gole &ygo as aS W5l (s0lge 5l oolail
5 oo glaglp Jols g ead ganaib Wl
(Skousen et al., 2000; Novhe, wib oo (55,5Les

(2012

a Jldrd 5 Jld ahal Glaptenw I iz glsi
Slr emlie glojlal; SouSs oS5 L L ol
Al oo by e ol Ol 5l uKiw slajls B
ol Sl ploed oS S A e (ol S
iy 9 5 Ol 5 (BT 055 Lul,ds 5 ane oole g5
(Azizi et al., 2015) el

la3l8 (5lulaz sl aml Cloj Sl diai sl b,
Slogig; (et Sl ilan oy Gl sl &)
mogey Sy 4 Gl ss sl Slaj Jlad i
5 skl GgmlinnST ity llyd poss (6,108
(Shayesteh and 5,5 o,lal Ko a8 ate slo o,
ewiige Slal 5l b slapec (Rezaie, 2007
ol 5,85, obaly a5 S o solil gloas
Wl oS plagane ;o Jyexo jobar g Sl (Sloord
oloul (gl Lad Cudgase | Wgd oo a8 )3 ey
0390 Slaluy (29,5 (20 Dl 5 4 s
Sy boase S nl oSy nyees
Sl 4 bpiaew o) (Trumm, 2010) wigd oo
phite (61950580 5 sy doouisS bglse «SGU y L
3 Br 9 9 2leed Olge pgle 5255 9 Dl
(Skousen et al., 2000y s ,ls

DS 5 Jale iy A s S ol sl
el by, 3l osliinl 5 (6 5F meeal )3 45 3,10 S92
(Browne et al., 2000) &350 Jbd e b g Jled

5 o0 «l)| Waters et al. (2003) Lawgs a5 55 pl,5hogld
S 2 S s 00l dsloe o] (151
ol 00t a8 F L s 5 Jgeys wbulyy 5 CaCOs
(AMD) 4455 (51 coslio 4l ptnpons [ 0S5 o oS

(Trumm, 2010) 548 Sl (5 gm (o (ydoe

Iy el axdls o925 (5 S00me Slidas (L 5
e 4 g ol T Bl 5T T LSas slaanl 3
5 1) ol sslr Olsies Sop like o 58
(AMD) < Lol slo 559 5! .(Kontopoulos, 1998)
(VIO LY oagazme ;0) PH o5 (ol 4 les oo Ses
YUy Gid Sk Ve e 510 YU s Slil
(o sl ool i S el plis (05
(Geldenhuis and 5,5 o,Lal (59, 5 @y (S5 pg,S
et 51 S b aae sapl slacls; (Bell, 1998
Sllee 1 (26 (o bme e sloasx
Of ol (et 5 s oo wgmime )5 are
okl (S35 5 88 (o o] Sogll 0 s
sl (Fogll 5 ballsy, yy (Sogll (Ll
(Brown et al., 2002; Eary etal., 5,5 o Ll coe) )
2003; Dolenec et al., 2007; Morais et al., 2008;
Hammarstrom et al., 2008; Butler 2009; Casiot et
.(al., 2009; Luis et al., 2009;

Gl 6lo Slo 05252 00901 o] J 7S dayane 5o
Gl b Of Cupie slagilil I eolinal L
ol iy ya Sla Il ( yege 5l g wdlb oo Coreal
s 9 (AMD) aiias gl slacs] copae o
Baa (Dold et al., 2009) coul las 4 QT Gluls,
(Bl s> olge Bi> (AMD) asaay 1 Sl
e S5l ol g ol Bdo 5wl (gilo s
Ak s (57955 8 p5bay Sl Lo liges aiile
(Earyetal., s3] cavoas | Jams a0 ad56 5lme Sga
(2003

Judye by Jud (b9, 99 4 Wiy s (AMD) anics
(Walton-Day, 2003; Johnson and ss—i sl
b p Jkée slepiaw—w .(Hallberg, 2005
b Sidlen 5 lerdss (b laaul
Ngd so >yl Daw aily ool ) S lgieds g o5 lgl

45k ol Glacl abas 6y bt cpl i

Ve 500 OV o jlods ¢ 12098 090 ¢ aore pole anlilad

VO-



PRt

Acid mine
treatment
methods

ahai sla b,

Active treatment
systems

Chemical precipitation or neutralization
Sl (5L ) g,
Hydroxide precipitation / go.Ss 0 (5,135 g,
Sulphide precipitation / sa.algw 5 l38 Gau,

The ION exchange technology / Sg Jols

Membrane treatment technologies / Lié slaas] )

Aerobic and anaerobic wetlands /  ; 5 s5l2 slo VG

3

Passive treatment
systems

U ELISVERVEI R RO

Successive alkalinity producing system (SAPS) /
sl pinn
Sl olld olge 0dg

Anoxic lime stone drains (ALD) / ,.¢ Sal sl :Sa;
Ol

Y N,

Open limestone channel (OLC) / 5L Sl sle JUIS

Limestone leach bed (LSB) / Sl sla axsg>

Phytoremediation / Y, oL5

Gl ooy el sla g glgil -0 S5
Fig. 5- Types of acidic drainage treatment methods
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Introduction: In copper industries, mining has great importance from the environmental point of view, as
many by-products are generated during this process. Most of the mining tailings are sulfide minerals that are
oxidized after they are extracted and exposed to oxygen and water, which consequently leads to the production
of acid mine drainage (AMD). Water management strategies are conducted to control AMD. Generally, one of
the most important methods to refine AMD and release it into the environment is treatment technology. AMD
treatment methods are classified as active and passive systems. In the present study, the need for the treatment
methods was investigated and then the optimum system was specified.

Material and methods: Sungun copper mine is located in northwestern Iran, 130 km north of Tabriz and 30
km north of Varzegan. The production rate of tailings in this mine is roughly 11.2 million tons per year, which
has over 3 km? area in Pakhir Valley. Samples of acidic drainage from Pakhir Chay River were collected 7
times and transferred to the laboratory of Omran Zist Azma Company. Bottles of polypropylene (200 ml) were
used to gather samples for analyzing acidity, sulfate, and TDS, and HDPE bottles (250 ml) were used to collect
samples for analyzing heavy metals (copper, iron, and manganese) parameters. Moreover, concentrated nitric
acid was used for stabilizing the samples. The flow rate of the river was measured by Mouline (flow meter and
flow cross-section method), which was on average 32 liters per second.

Results and discussion: Analyzing the results of seven sampling periods, it was found that the average value
of pH, sulfate, copper, iron, and manganese parameters were 3.94, 2601.4, 276.78, 0.193, and 46.04 mg /I,
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respectively. According to the standard limits of the Environmental Protection Organization for discharging
wastewater into surface water, all parameters except iron had exceeded the permissible limits, so a treatment
system will be required before releasing AMD into the environment.

Conclusion: Based on the quantitative and qualitative characteristics of the acid mine drainage in the present
study and various acidic effluent treatment methods, it can be concluded that the active treatment method is a
promising option to eliminate contaminants from the acidic effluent. Moreover, among the active purification
methods, the DAOS method will have better efficiency so that it leads to higher efficiency of system’s
operation, and the best quality output will be discharged into the environment.

Keywords: Acid drainage, Active treatment, Passive treatment, Songun copper mine.

Ve 550 F o)l (00395 0,99 ¢ daons pole anlilad
V04



~(AMD) glam yaxe ol Doy (&S 5 (oS ()

Ve 500 OV o jlods ¢ 12098 090 ¢ aore pole anlilad
\Fe



