oA deFdte rtamButEadE - AFEA7|(GC/MSD)E E435A T
2Bpoldl e 200 ppme AFEFEAZE AL 1L(Tedlar Bag)el 50, 100, 200,
400ngS 3t t7] & T2 11.743, 23.485, 46.971, 93.941 ppb s A 23 £ Al
So FYF YO BA S M-S AU

Hm

FHEAY B 4H FHAGPEIS ASIR O, 17182005 T
e Fustac

Table 3. Analysis instrument and condition of odorous compounds

Odor

Instrument and analysis condition
Substance

E243717] : Air server, Markes TD, Agilent 6890N GC
- A&7 PEPD
- BEE A | Rigas 10ppmV
HesE 27
Sulfur Cold Trap : MARKES U-T8CUS(Quarts tube -Carbopack B/Silica gel)
%157, & :250C
compounds| A g% :50 mL/ ¥, 2~20%
-GCEMzA
Column : SPB-TM1 sulfur, 30m, 0.32mm [D, 4um FT
Oven Temp - 70C /5%, 15C /&, 150C /18§
Detector : -5 711:10.6 mL/ ¥, £4:11.5mL/ &, 371210 mL/ &, 250C
- B247]7]  Agilent 1100 HPLC
-2 %7] : L'V Detector
E3A Supelco 15 ppm as aldehyde
Aldehyde |- HPLC Bz
Column : Agilent Eclipse XDB C-18(4.6mm * 150mm)
o] %4 : Water: ACN =40: 60, Im L/ ¥
A EF YR 200
- ¥241717] : Air server, Markes TD, Agilent 6890N GC
- %7 : Agilent 5975 MSD
- BFEE 2 (Styrene) : Supelco 200 ppm  in methanol
- AHesE 2
Cold Trap : MARKES U-T3ATX (Quarts tube - Tenax TA Carbopack B
500, 9%:250C
VOCs Al gak 5 L/, 2208
. Bz
substance Column : DB 5ms, 60m x 0.25mm, 0.25um FT
Column #:1.0 mL/min
Oven 50 TBE)y—5T /-, 150T(1#)—>15T/£—250T(3E)
MS 2 g‘luad 150, lon source 230
Transfer line : 280°C
EI mode, 40 ~250amu
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Fig. 11. The concentration distribution of sulfur compounds for comparison
and top areas.
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Fig. 14. The concentration distribution of Trimethyamine for top area and
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Fig. 15. The concentration distribution of Ammonia for top area and inclined
plane.
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Qo] AHAE stz Yok aHY 1 FE W7 Dot ZEAA A
o] ¥x X3t Hld R 7tEE ETHF 24
ppb, #3454 54347 ppbe] FEE EFWHAZ WET 2HI}E v=7F
zAgo) g @A WA F aclow HuHe] FEL wet sta 23

|1

< 3% A3 Toluene 1,105.8

29 ulA ¥ A §Q A%4EE BT Ul AFE ZoE AR,
W el #9 B olslol WAl Fig 213 Zo] AAY 9% wY 2
gubao] Aol EAlSHe Waoz wPo) AP wet Fhol U AW
zow wWyslas WEAN B, 5 YFSFE AV AFF 1Y So=
olgd A B wiel Zol AEF oF Wiyt WEY, StrEE
Z7tE diel 7hssith

Table 4. The concentrations of VOCs

(unit : ppb )
Landfill ID BE TO CB EB OM,P-X* ST
01~03 02~06 00~01 0.00~01 00~02 0.0~00
HE2AS | T (031) (0.03) (0.03) (0.08) (0.00)
X)B 49~89 10.6~26.9 07~25 8.9~194 4.6~11. 01~08
o il (6.38) (19.00) (145) (135) 7.73) (050)
A 15~152 56~293 01~32 41~169 28~92 02~10
o (5.65) (13.30) (142) 933) (6.13) 062)
e 604~7843 |495~66783! 23~1275 | 854~19804 732119663 1.30~881
= 431.83) (3588.14) (47.80) (820.67) (7957) (15.64)
oz 01~02 01~15 0.0~0.0 0.0~02 0.0~00 0.0~00
= (0.13) (0.62) (0.00) (0.05) (0.00) (0.00)
Ay 01~02 12~19 00~00 0.0~02 0.00~0.0 0.0~00
MA (0.15) (160) (0.00) (0.05) (0.00) (0.00)
A 01~04 03~10 00~0.0 0.0~02 00~00 0.0~00
- (0.16) (0.75) (0.00) (0.08) (0.00) (0.00)
e 34.0~4102 |23001~34002| 120~29.0 | 3003~6704 | 355.0~599.0 | 81.0~2000
= (377.36) (2825.34) (19.01) (518.75) (482.25) (127.75)
S ERAL 01~05 18~35 00~00 0.0~0.0 0.0~00 0.0~00
T (030 (2.60) (0.00) (0.00) (0.00) (0.00)
A}H 03~09 27~55 0.0~0.0 0.0~0.0 0.0~00 0.0~00
vy T (055) (3.65) (0.00) (0.00) (0.00) (0.00)
A 02~12 1.0~25 0.0~00 0.0~00 0.0~0.00 0.0~00
o 0.70) (193) (0.00) (0.00) (0.00) (0.00)
N 1952~3276 |14205~21008| 6.70~16.7 |360.0~2640.2| 256.0~451.0 | 634~1103
(268.35) (1869.95) (12.45) (990.29) (349.37) (82.23)

* OM,P-X : o-xylene + m-xylene + p-xylene
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Table 5. The concentrations of odorous compounds

(unit : ppb)
Landfill ID Sulfur Aldehyde Trimethylamine | Amonia(ppm)
o 0.0~01 0.0~04 0.0~26 0.0~0.0
R 0.02) (024) (1.21) (0.00)
PR 31~412 91~16.2 28~85 1.9~29
o s (16.60) (12.20) 499 (229
A} 14-~-1002 42~324 20~63 1.0~33
et (36.73) (18.31) (4.08) (202
I 1.6~425689.1 9.2~1063 16.7~778 23~98
= (202974.78) (57.10) (45.05) (6.55)
o 0.0~01 0.0~02 0.0~0.0 0.0~00
H=A (0.02) (0.10) (0.00) (0.00)
AR} 0.0~-01 0.0~02 0.0~00 0.0~0.0
MA © (0.04) (0.15) {0.00) (0.00)
A}H 0.0~01 0.1~05 0.0--0.0 0.0~0.0
- (0.03) (0.30) (0.00) (0.00)
e 9129.8~15527.1 104~254 23~40 62~92
= (1142554) (17.57) (3.03) (731)
o 0.0~00 0.0~0.1 0.0~00 0.0~00
= 0.00) (0.06) (0.00) (0.00)
A 0.0~0.0 0.0~02 0.0~00 0.0~00
v] (0.00) (0.10) (0.00) (0.00)
Aped 0.0~01 02~03 0.0~00 0.0~00
- (0.02) (0.24) (0.00) (0.00)
I 201 ~19853.4 11.7~152 18~38 23~52
= (8074.50) (13.22) (2.58) (3.23)
* Sulfur : Hydrogensulfide + Methylmercaptan + Dimethylsulfide + Dimethyldisulfide
Aldehyde : acetaldehyd:: + Propioneldehyde + Butyraldehyde + iso-valeraldehyde + normal-valeraldehyde
e a3
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Fig. 16. The concentration distribution of sulfur compounds for inclined
plane and ventpipe.
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Fig. 19. Crack of inclined plane(April).
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Fig. 21. Ventpipes, inclined crack and landfill process of Cheongju landfill
site.
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Fig. 22. The concentration distribution of Trimethylamine and Ammonia for
ventpipe.
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The effect of flocculation treatment on water quality

of water supply source

K.H.Shin - P.S.Shin * B.G.Lee - S.H.Park - T.K.Suk

Industrial wastewater Section
ABSTRACT

In this study, the flocculant dosage and the aluminum concentration of
two water treatment plants in which use the stream water and reservoir

water as water rescurces are investigated. The results are as follows;
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1.

After flocculation and coagulation process, pH and alkalinity were

scarcely changed by the flocculant dosage and time.

2. The optimal flocculant dosage was 1.3mg Al/L when turbidity was 6.4

6.

NTU and suspended solids(SS) concentration was 4.8mg /L, and the
dosage was 1.6mg Al/L when turbidity was 4.0 NTU and S5 was
2.1mg/L. Therefore no relationship among turbidity, SS concentration

and the optimal flocculant dosage was found.

In flocculation test, the optimal flocculant dosage of the A water
treatment plant in Chungju and the B water treatment plant in
Yeongdong were ranged from 0.9 to 32mg Al/L(1.2~2.6mg Al/L in
site) and from 1.7 to 27mg Al/L(1.7~33mg AIl/L in site),

respectively.

The aluminum concentration of raw water and the treated water in
the A water treatment plant(Chungju) were ranged from 0.0430 to
0.0864mg Al/L and from 0.1122 to 0.1366mg Al/L, respectively. For
the B water treatment plant(Yeongdong), the concentration of raw
water and treated water were ranged from 0.0409 to 0.0684 and from
0.0542 to 0.0803, respectively.

We compared the aluminum concentration of the treated water in
water treatment plant and the water passed through the filtration
system which is made in lab-scale. Then the concentration of the
treated water in the A water treatment plant(Chungju) and the filtered
water in lab were ranged from 0.1122 to 0.1366mg Al/L and from
0.0468 to 0.0806mg Al/L, respectively. For the B water treatment
plant, the range of concentration were 0.0542~0.0803mg Al/L and
0.0358~0.0766 mg Al/L, respectively.

It is important to determine the optimal flocculant dosage for

minimizing the aluminum concentration of treated water by observing
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the flocculation situation in Jar Test and analyzing the water quality

using several instruments.

The actual flocculant dosage in site and the optimal dosage
determined by test were compared, so it was turned out that the
flocculant has been injected 23~33% more than enough in the A
water treatment plant and 16~24% more than enough in the B water

treatment plant actually
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A 5%, FAA 15 JBAA 8% 5 & 8% YA AR A
BA%NA FAYAE TARE FRL ANAoR 9F4 de A§HT
slof Fulo) £EE ArHdE A4Y "adol gt Aee F5E me
SR A AzAANN Y 27 st TASE 97 Unk
GurH oz Yol rel SAAAN AgHE $HA FHRL AFVFO
24 AEAYA ARFFOE AARA RHY FEZ Fol QAo B
FRulFol AR Aok FTAMH L FAATAEY wEo| o3tw
4Folel 011mg/l. FHE BE PhAW 1 ol 32 F¥ T vl

Ae ARRG 150 HE =A4 Ao 48 &8e] gty Bud vl U
g

=P FEUFS 4T F 19FE7 AW FFHC HAYH AAS B
M2 ol$Hol FAsE Ao FeiH UL, A AZe A ¥ Fo) &
o5 FHFE Imgelwl Av) 4] U AFE 2 ~ 3mgd Tl

dtdoz FRAH FUE]) AEIL G L - e AHPARE T3 S

FEEANGOR FUNT FYR 0 A5F YUY FEOE AUt A
o8 WHHY, £A FRAY FUES WHT B A 45U AFAow
Agatel AEHADYE AH S8 HE B £ARL AR Hoz

B ZAATFAAE 4rds SHAGA 71 Bol AEstE $3-ARI PAC
¢} PAHCSE Wi e.g AFAodA FYsta e SHA 4L Fotstn Jar
Test 43S B¢ A F4%FH S5 4559 FAAstE gotste]
AEAA FUFE AN EAN SFuF FEE HAFEEd I B3] Q)

=
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O. Ax 3 ¥4

1. Ad
B ZAAFAME FHAFE AFAFE AR AE FFA ARTE
123 3248 AF95E ALl e d579 BEFE 12 AAsHA
5 ~ 63 A ANEE AF AT
Fig. 12 A5 dutz AgAZ=Ad dee 34 F4xd1d A
Mo A AMAET, AFe 28 NHA 4 A5 FEHEANA 58FE

£2¢ Feind ¥ ARsA

2. A=

AeAse] ARSHAA FYFE FAS7] Ha A AFAolM ARSI
2l= PAHCS(Poly Aluminum Hydroxy Chloro Silicate, A4F8t&-F15 10.6%)%+  Hl
A 2 FoAde s PAC(Poly Aluminum Chloride, 4H8t&-Fr]E 10.1%)E 100
o st SAPE AAISHAT.

A5 A5 d2uF w59 AFHNA NS F FTFE Fig 290
Uehd Hhe Zo) ARE AfxE FH4AZ F 4FrE & HEE Fl6
worth oA E AW (800 x 300mm)ol ot FE FAZ(T 19
~ 38mm, 6cm), 7FEALE(P 5 ~ Imm, 3em), HEEAH(F 2 ~ 5mm, 3cm),
7F=RE(@ 045 ~ 07mm, 10cm) £22 47422 A& A4 2FL Az}
o dP=TZ ARRSATH
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Fig. 2. Filtration bed model.
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3. 8949 ¥ 98

31 &343

A AFFAFES FAsr] Aste A FA F Jar Test(th+}
&, Wise Stir JT-M6)E AH&3td |43 (135rpm, 5&), <& RH35rpm, 15
)2 WA ge AAskaT

A SRAA FLF AFE 938 Jar Testoll 3 Floe B HAHAFEHY K<t
HEH, Jar TestZ S ATl that] A1 A F &5, 5A A
o7}, Membrane Filter(0.45m)E &3 Also] thdle] Table 10 Yebd
Aoz nuwEAste AAZYA FUFE AAHSAT Table 101 Y

nle}l o] ¢FulF FEE ICP(Inductively Coupled Plasma Emission
Spectroscopy, Thermo Jarrell Ash, USA) & ©|&3td A3l en, &Frlg
=7t 71 A AER A5 SAoq2e HAHED flocd] HHE BE3A
AZEH/A FdFe AU

Table 1. Items and analysis method

g = A g gy 2 A A
pH HeEs S AN AR pH Meter(Orion 720A)
Ss HeEEF A GF/C
g A= F3ZA 28 e = A (HACH 2100AN)
dslel e EPA Method 0310.1 SRk
& FrF HeEFAA G ICP(Thermo Jarrell Ash)
32 5

S FFL vAE AAE A 7RV doed & ATl E Table 190 1
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Bt Hhe} o] pH, SS, B, ¥ZE = st #4331, S3A A S
JE gFrlFeley ¥MHE FAsr] A EFrly FEE £4stAoH,
71ek FE%5e datdx JeEE3AAGEEY F3td 2o oY el

lo

e el B 4 ol B AFelE YA etk

m. 23 9 u3

1. pH

ok

42

i)

Table 2= FFA A5A] Aads A-7E 2 IukaEo] o
2 Jebd o, WF FHEyeEe 745 ~ 1013 m/hr, 63 AH HH3I A
49| pHE 69 ~ 7622 YERT

1449 o FFUAFVF =9 pH BAS B4 pH 694 2oy &3l
=71 HAst =59 pH 601delA pH F7tel wet FLEFvFHFl F718)
3, pH 4 ~ 594 $FAE FANEH floco] ARAA il 23]z ABAY
o] Yojuttn Rus gtk Wy wad $AELS FHAI L ¢F

o

F FEE HAssh] #1¢ ¥4 pHE 55 ~ 65 AEE RuH 3
B AFoAE $HA FHYol wE pH WsE Yotrnr] 93 $HA 4 +
T 1AIZL 3AZE ¥ pH WstE A& B2yttt 1 AHAE
R Table 40 Webd vie} o] SA F9 F pH7F o BojgoH, &
Ak F 1417 3417 & pH ¥stE it oEkx] B AFeA A"
SHARQ PACS PAHCSE S3A Fd@dd @& A9 pH ¥Wste S w
¥ ¥ pH Wste ¥Fo] fle AoE Yo
YEB AFAe HEyFS Table 301 vERDG HEeF o] WF 135 ~145
m’/hr & FFA A4% Fro v At dF Ao Wyt A glel
I3t dEB - A9 pHE 70 ~ 742 Yetgton, SHA 9
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& pH W= Table 40 Webd uvpel o] S3A FYF Ak HoA
A3k gtk B d7ddAx ¥x pH 24L& sA &3, 59 pH
Fol ¢ Feobstfth 47 AAAAM FFA BFAH GTB A ded
FE pH7Y 69 ~ 772 A FYoE U3 pHell he FF2 fle AL
2 yegton, Sag T4 A8 Ex pH 2Ho] I8 gle A=
Azt E .

Table 2. Water intake and test results of Chungju A Water treatment plant

R s | g = =3
g A /b)) | P mg/n)  NTU) | (mg/D)
1 745 £ 5 71 40 3.3 1.0
24 765 £+ 5 72 33 2.0 1.6
4¥Y 775 £ 5 74 33 6.4 4.8
54 780 £5 7.1 36 4.0 2.1
74 1,013 £ 5 6.9 24 6.5 6.3
94 923 £+ 5 7.6 30 3.6 3.3

Table 3. Water intake and test results of Yongdong B Water treatment plant

3} = AFFF G = g = SS

o A wa/he) | P | (mg/L) (NTU) (mg /1)
19 145 71 19 0.9 14
29 145 7.0 20 11 2.0
59 145 7.0 13 08 22
79 135 72 15 3.4 46
99 135 7.4 10 3.0 28

- 124 -



Table 4. Characterisiics of pH according to coagulant dosage

221 A ar Test | Jar Test
A B o sgAm |9 4| coA Jas
#JF | F 1 | F 3hr
PAC 7.4 7.3 7.3 7.3
22A A5
PAHCS 7.4 7.3 7.3 7.3
PAC 7.3 7.2 7.2 7.2
dEB 5%
PAHCS 7.3 7.2 7.2 7.2
2. 4=

A7l e SAAGANAN F23 245 JUE dHA Joy, AAsLF
AP EE oy b BFERY Z)AFA T pHel wel COy”, HCOs*, OH
o AZtAZ v 3 RG] Ao g JeioAr] HeMe &
AAE A5 TtFEfAA 35 FAFHEY flocs A=W FES &
7HIE7E 5 oA doe AL dutd oz 433 Aol

Table 2 u¥Eld Hiep Zo] FFA HFAe A dvlel=s 24 ~
40mg/LE FHEE HAFG U7l EE FASL AU SHA Fd ol
e d7tEle WSS Qs 2] 98 Jar Test & A7IE|=E B3] &
A3 Table 58 #Zo] A FUF L &3 AR F A
HetE By SRA FAF wek vl s ARl Rt ztolE YEH
A SHMZAE W FFol v ALE HEyTh

FEB A-F Y59 Uvlel=& Table 3o uERG wie} o] 10 ~

2 FFA Ao viE @A vyEistew, XA FATe ©E &
M s AR ¥ o7t gk 7] AdeA PACS PAHCSE $3A

FAF e drtel= 2xFe] Hile 79 fle A2E YERH

-Il“>

=
23
o

3A

A
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Table 5. Characteristics of Alkalinity according to coagulant dosage

e | B FUY B7hel=(ms/L)
N& S
? (mg/L) o) 2= 3AIZE BA F
i g R
1.6 28 26
FTFA A3 2.1 28 ‘ 25
27 28 24
11 10 9
4EB AEH 15 10 9
21 10 9
3. &%, SS

grE B8s) B B PE, AE Fo| RHEL, AT 47

So] Mgt Y &3, A, A4 HYPFAL FI8 AEBE FES}=
B s AAstEE Al A FAolzt & F AUtk

63)ol A4 AHT FFA AT A5 BEE 20 ~ 65NTUE YER
SSE 1.0 ~ 63mg/LE YEIan, 530 AX MHF ¥FB AT HES
0.8 ~ 34NTU, SS+= 14 ~ 4.6mg/LE UEtRThH

\

287 Bo wzw d5e HF =g 37NTUY AFo PACE 0 ~
40mg Al/LE F4std St & AFre gEddE 48 2 4%
2mg Al/LE FUFed 7bF @A Jdebgen, 4mg Al/LE FUHEH F
bRt BaET o

B AR E HA FAF wE B HslE dotRr] 93} Jar Test
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o
1o
ol
o

+= 020 ~ 0.30NTU, 9%B A543 014 ~ 0.18NTU To=2 &F
& zo]E Holx| ¢o} B =R JeEhfA ggon, AHS) 5 234

FAF Aol7t Ang HE WHEE #AT 5 UMY Aoz A4dng. =

ou YT GEYE FA5E AT  glo] FRFO BE ¥2FLS H7)
sl SAME BEE 2ASE AYHIAT AN BEE £ TE 5

by
of o Bxrt ofpuE SRWgo] A o] RojAR] oo} EHx Ws}e] wmE
A4 A FYFTRe BAE FAY 5 A
A de] B ss7 52 7, 99| & )3l His) A &~EF
of wekARh AR MH 5 % DV AP o= V) AP At
22 g5 9 ssok SAFYFARY A4S vehdle AL 7t o,
g5 g ssot 34 FUFT FBE-e U] HHE g HFE F

el A%HQ ATt WaY Ao AzHn

4. YA FUF ¥ dFvE v W

A A FAFES dotry] A FA FFAAA AEFTA SFAY
PAHCS(Poly Alurinum Hydroxy Chloro Silicate, 4Ft%-5u5E 10.6%)9F 2 2ol
@ol ALEE W PAC(Poly Aluninum Chloride, AF8tdF0]F 10.1%)E 1008 3
Mt FHAE S AAIBHATH

FFA AFAe S SHAZ PAHCSE A3l Jem, Table 6, 7,
Fig. 4. ~ 119 uehd wpel Zo] F3AYE As) @ F§ 12 ~ 26 mg
A/LAEZ S3AE 98t SAAMTST AYH AP AAA Jar TestS
B 942 AR A FUFS 09 ~ 32mg Al/LE el dEujFE F
o Hsls dotry] Ha APHeA FHNE F 5T, 5AFAA A
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%, Membrane Filter A9} 238 A3 najdqd#AAE 34 A2 A&
A1 GFvE sEE A Btk

FFA A ARAH E dF A FALFH AFAANA Jar
TestE T3l ¥& A FUAFS viws) B 14e] A Table 6, 7, Fig.
3,01 Uebd viel Zo] R A FYFL 12mg Al/LRSH, 4FE& T
3 AARSHA FUFL 09 ~ 13mg Al/LE YEpstth 455 &FvF
FEE 09mg Al/LE FUFLw 0169%6mg/LE 7H @A ettt 7]
A A 1€ A A FAFS 09mg A/LE S & F AU 28 A5
A XA FAFS 1939 2] 1.2mg Al/LE FY3ta YReH, 4@& F
g AA LA FUFLFig. 40 UeRd vie} o] 10 ~ lemg/LE UER
o AS4Y dFE FEE 1.3mg Al/LYW 01578mg/LE 71 @A Ye
Wt 49 Ao A FUHFS 1.5mg Al/LE 2€9] Hl&] SFAE 03mg
Al/L O FUHE1 dslen, A8e 53 $HA FYFE Fig 50 vrebdebet
Zol 09 ~ leéemg Al/L2 Yelgon A5 4FvE FEE 13mg
Al/LE FA38 e 01682mg/LE 7} WA UERTH

59 A4 XA FUFS 4¥€ v3) 0.6mg Al/L7F S7H3F 2.1mg Al/L=Z
ZFoletn don, H¥e 53 $HA FYFE Fig. 69 YEHG wist 2o
1.0 ~ lémg Al/LE Ut A5 ¢Frs §5= lemg Al/LE F
dgeu 01833mg/LE 7HE @A debwth 79 ¥ A FAFL
8ol YEebd wke}
2ol 2.7 ~ 37mg Al/LZ 59 R8] 4%3s A Uelst 792 54 H
3 g% 9@ s ¥Et AHes A Jelyth 45 ¢FdE S
32mg Al/L UL 0.1353mg/LE 713 @A
FdFE 19mg Al/L fod, d¥gE 5 SHA FHFLS Fig. 9, 1091

Ebd Hle} 7ol 27 ~ 37mg Al/LE 7¥3 ¥EtA JEbgth dEae] ¢

26mg Al/L Fom, A¥E F3 A FAFS Fig

N

Aul
5L
L2
No)
e
r U
o
olo
)
2
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2ulEg FEE 32mg Al/L FYIASW 01254mg/LE 7HF @A YERh
7 ApAolA AHY A - e EFvE vEE 24T Z2HAE Table 89 4
Ehd vle} o] 79 A5 ¢FErE FEE 0.0430mg/L, TS 0112mg/L
Fom, Ao W Fo dFuE 27t 48 wA UHEbsth A A
A mada) 285 AFste NS F AEFE 2IARAE T4 A
2 % 4FrF 555 £4 A7 00468 ~ 0.0806mg/LE YEFRTE ol A
F4 A4 GRu)y FEo] w28 ~ 58% AE @A dElgch 99 dF
SHA FYZFL 19mg Al/LReH, 4FE 53 FAPSHA FAHFL Fig. 9,
109 Jebd Hiel o] 27 ~ 37mg Al/LE UElGTh 455 &FrE 55
£ 32mg Al/L FHUHE w) 01254mg/LE 7HE @A ER T

l

79 AL EERuUF FEE  0112mg/L, AFHANA AFE AHAE 5
A7 Azbre) SRUF FEE 0.0468mg/LE A HIs oF 59% X WA
Ehton, 99 A4 dZuF FEE  01189mg/L, AFAAA Ae x|
g ERAZ Ao ¢Rn)F FEE 00582mg/L2 Aol s < 51% H=
G dehth A7) 2ol A gEuE w25 Haskelr] 98 oA o] #est
8% & F ddrk dF SHA FAHF FolE Fig. 119 Hefdde, 4
AN Jar TestE 58 78 HAZHYA FYFE BH 148E 58714
SAA FLFo] dAsFon, 7957 990 A FUFe] ol AL &
A& F AR
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Table 6. Characteristics of Alumium concentration according to coagulant

dosage(ChungJu A, PAHCS)

A2 | DAL Jar Test Jar Test + & =(mg/L)
A (Mg | FURMY | yes ) 5AcT | Membrane | 22013
0.9 0.1696 0.1085 0.1424 -
1€ 1.2 11 0.1872 0.1263 0.1488 -
1.3 0.1975 0.1306 0.1527 -
1.0 0.1842 0.1244 0.1674 -
2¥ 1.2 1.3 0.1578 0.1126 0.1542 -
1.6 0.1912 0.1343 0.1625 -
0.9 0.1874 | 0.1508 a 0.1613 -
44 15 1.3 0.1682 0.1204 0.1268 -
1.6 0.1746 0.1466 0.1304 -
1.0 0.1978 0.1323 | 0.1624 -
5¢ 21 1.3 0.1968 0.1114 - 0.1506 -
1.6 0.1833 0.1146 0.1462 -
2.7 0.1660 | 0.1487 0.1323 0.0643
74 2.6 3.2 0.1353 0.1146 0.1277 0.0468
3.7 0.1438 | 0.1094 0.1294 0.0806
2.7 0.1506 | 0.1231 0.1337 0.0744
9¢ 1.9 3.2 0.1254 0.0785 0.0924 0.0631
37 0.1792 0.0854 0.1046 0.0582
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Table 7. Characteristics of Alumium concentration according to coagulant

dosage(ChungJu A, PAC)

2] H422F | Jar Test Jar Test ¥ &X%(mg/L)
A | (mg | TUHEME) | g5 | 5A@ T | Membrane | 22017
0.8 0.1746 0.1134 0.1446 -
1€ 1.2 1.0 0.1884 0.1247 0.1522 -
1.2 0.2065 0.1262 0.1538 -
0.9 0.2165 0.1287 0.1542 -
24 1.2 1.2 0.1886 0.1168 0.1426 -
15 0.1932 0.1348 0.1588 -
0.8 0.1968 0.1542 0.1644 -
44 1.5 12 0.1645 0.1228 0.1325 -
15 0.1708 0.1435 0.1506 -
0.9 0.1936 0.1466 0.1706 -
59 21 1.2 0.2034 0.1355 0.1425 -
1.5 0.2066 0.1284 0.1408 -
25 0.1838 0.1429 0.1504 0.0663
74 26 3.0 0.1535 0.1254 0.1272 0.0544
| 35 0.1692 0.1286 0.1363 0.0766
25 01816  0.1294 0.1406 0.0726
9¢ 19 3.0 - 0.1455 | 0.1178 0.1247 0.0491
| 35 0.1795 01217 = 0.1347 0.0554
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Fig. 3. Al concentration according to flocculation dosage(Chungfu A - January).
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Fig. 4. Al concentration according to flocculation dosage(Chungfu A - February).
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0 0
08 12 15 09 13 16
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Fig. 5. Al concentration according to flocculation dosage(Chungju A - April).
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Fig. 6. Al concentration according to flocculation dosage(Chungju A - May).
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Fig. 7. Al concentration according to flocculation dosage(Chungju A - July).
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Fig. 8. Al concentration according to flocculation dosage(Chungju A - July).
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Fig. 9. Al concentration according to flocculation dosage(Chungfu A - September).
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Fig. 10. Al concentration according to flocculation dosage(Chungju A - September).
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Table 8. Aluminum concentration of raw water resource

Unit : mg/L
A B o A ALY A A # 3 5
14 0.0546 0.1246
24 0.0744 0.1185
54 0.0864 0.1366
FFA 35
74 0.0430 01122
94 0.0512 0.1189
H 0.0619 0.1221
14 0.0409 0.0542
24 0.0459 0.0628
54 0.0524 0.0732
4EB A
74 0.0549 0.0628
o4 0.0684 0.0803
DR 0.0525 0.0667
35 i
3 /
2.5 /
= 2
<
g 15
T)/
S A
O
—o— T ——- A A
0.5
O - N
Jan Feb Apr May July Sep

Month

Fig. 11. Flocculation dosage of in-site and Lab(ChungJu A).
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Table 9, 102 ¥ %B AFAe] @4 SIA FUFH Jar Test® T AR
SAA FLFE Yl Zlolth dFB A5 A FUFA wE ¢F
nEF 755 2E 19 @344 $HA FUFLS PAHCS 22mg Al/LH L
Fig. 120] vbERd nheh o] A9e B9 23 $A FU%H oo we &
oy 5 EY AR A FAFLS 13-21mg Al/LE HERL

S
4

&

1.7mgAl/LY ™} 0.1967mg/LE WA Uerstt

29 ¥4 SAA FUFL 1.7mg Al/LAI Fig. 13 vebd uie} o] 4
d2 ¢ A4 $PA FYFL 13 ~ 21mg/LE Uehion), 4540 @2
0E ¥EE 13mg Al/LY™ 01936mg/LE 7F3 WAl Yelgch 5€9 dA9
SAA FUAFL 25mg Al/LIL, A4FE T3 AA A FIZFS 13 ~
30mg Al/LZ e oH, Fig. 140 dehduiel o] de dFvF 5
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Table 9. Characteristics of Aluminum concentration according to coagulant

dosage(YoungDong B, PAHCS)

AH | @REAZ | Jar Test Jar Test ¥ &X(mg/L)
A | (mg) | TUFME) | 454 | 5497 | Membrare | 2ol 3}
1.3 02067 | 0.1408 | 0.1482 -
19 22 1.7 01967 | 01336 | 0.1465 -
2.1 02155 | 0.1384 | 0.1477 -
13 01936 | 01488 | 0.1543 -
24 17 1.7 02069 | 0.1048 | 0.1084 -
2.1 0.3438 | 0.1215 | 0.1068 -
13 0.2896 | 0.1255 | 0.1282 -
59 25 2.1 0.2433 | 0.1084 | 0.0988 -
3.0 03145 | 01132 | 01258 -
2.1 02886 | 0.1285 | 01324 | 0.0624
74 33 2.7 02513 | 01186 | 01044 | 0.0526
3.2 02966 | 0.1224 | 01038 | 0.0612
11 01776 | 0.0831 | 00884 | 0.0628
9¢ 33 15 01429 | 01119 | 00835 | 0.0504
21 01014 | 0.0752 | 0.0785 | 0.0405
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Table 10. Characteristics of Aluminum concentration according to coagulant

dosage(YoungDong B, PAC)

AH | B[ Jar Test Jar Test ¥ % 5(mg/L)
A (mg) | TULHmE) | gz | 5ARQT | Membrare | 223}
1.2 0.2746 0.1442 0.1564
14 2.2 1.6 0.2582 0.1506 0.1538
2.0 0.2833 0.1586 0.1612
1.2 0.2806 0.1264 0.1248
24 1.7 1.6 0.2789 0.1042 01134
2.0 0.2975 01172 0.1216
1.2 0.3059 0.1266 0.1283
5¢ 25 2.0 0.2596 0.1025 0.1062
2.8 0.3294 0.1144 0.1203
2.0 0.2824 0.1134 0.1235 0.0766
74 3.3 25 0.2345 0.0924 0.0865 0.0574
3.0 0.2468 0.1062 0.1126 0.0628
1.0 0.1835 0.1129 0.1592 0.0628
9¢ 3.3 1.4 0.1199 0.0827 0.1322 0.0575
2.0 0.1043 0.0862 0.1182 0.0358
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Fig. 12. Al concentration according to flocculation dosage(YoungDong B - January).
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Fig. 13. Al concentration according to flocculation dosage(YoungDong B- February).
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Fig. 14. Al concentration according to flocculation dosage(YoungDong B - May).
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Fig. 15. Al concentration according to flocculation dosage(YoungDong B - July).
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Fig. 16. Al concentration according to flocculation dosage(YoungDong B - July).
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Fig. 17. Al concentration according to flocculation dosage(YoungDong B- September).
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Fig. 19. Flocculation dosage of in-site and Lab(YoungDong B).
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A Study on the Characteristic of the Groundwater Quality in

Cheongju Area

Y.H.Min, ].W.Lee, B.Y.Yoo, EK.Chang, Y.S.Song, K.M.Lim, J.H.Lim

Abstract

In this research, characteristics of groundwater were investigated in
Cheongju area from February to November, 2007. The surveyed area was
classified into four compartments: residential area, commercial area,
industrial area, green area.

20 points were sampled seasonally for each area. 43 items out of 46
items(drinking water standards)excepting 3 items related to micro-organisms,
and inorganic substances such as Na’, K, Ca’*, Mg?" have been

investigated.
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The results were as follows.

1. Residential area: nitrate nitrogen(NO;-N, harmful inorganic substance)
and color, turbidity, total dissolved solids(aesthetic substance) exceeded
the drinking water standards more frequently than the other
contaminants.

Standard(drinking water) excess rate of nitrate nitrogen(NOs-N)
showed much higher value than those of the other exceeding items,
because population congestion probably caused the abundant discharge
of the sewage and filthy water which are highly containing the nitrate

nitrogen(NO;3-N) trace materials to the shallow ground water.

2. Commercial area: ammonium nitrogen and nitrate nitrogen(NH:-N and
NOs-N, harmful inorganic substance), color, total dissolved solids,
manganese(aesthetic substance) and so on exceeded the drinking water
standards a little more frequently than the other contaminants.
Standard(drinking water) excess rate of manganese showed the highest
of all the other exceeding items’ because manganese is one of the most
prevalent elements in the earth’s crust and a great quantity of

manganese is distributed over the rock layers in this area.

3. Industrial area: fluoride and nitrate nitrogen(F and NOs-N, harmful
inorganic substance) and tetrachloroethylene, trichloroethylene,
dichloromethane, 1.1dichloroethylene, and so on exceeded the drinking
water standard more frequently than the other contaminants. Among

these exceeding items, some volatile organic compounds(VOCs) showed
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much higher concentration value in a industrial area than the other
surveyed areas because of the leakage of volatile organic
compounds(VOCs) out of the waste treatment facilities, the drains and
underground storage tanks of some factories which use volatile organic

compounds(VOCs) as a fuel or raw materials.

4. Green area: Standard(drinking water) excess rate of nitrate nitrogen(NOs-N,
harmful inorganic substance) showed a higher value than those of the
other exceeded items because the depth of the wells is below 20m, hence
the wells can be easily contaminated by livestock farming waste water,

fertilizers, and household sewage.

5. The contents of mineral such as potassium ion and sodium ion have
been shown to be comparatively high value in a commercial area in
comparison with the other areas, which is due to the influence of
artificial contaminating sources such as household sewage, filthy water,
and so on. Whereas the contents of calcium ion and magnesium ion
have been shown to be below the drinking water standards and on the

whole to be almost the same value for each area.
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Table 1. The Number of wells(EA)

Total Domestic Industrial Agricultural Etc

9,528 5419 65 6,051 993
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Table 2. Utilization status(1000m®/year)

Total Domestic Industrial Agricultural

726,798.7 38,712.8 12,074.1 626,011.8

2, A R AN

HAFAE e FALE ZAR] 98 FARAY, FdAY, FEAY,
=AAGo g Yplch 72t AGEE 207) AHE At 20073 29 HEH
119712 AARZE & 20779 A8E AFH3EATH

= A residential area
A commuercial area
A A indusutial area

kA green area

Fig. 1. Sampling sites in Cheongju Area
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Table 3. Classification of Items

Classtfication Items
_ , Pb, F', As, Se, Hg, CN, Cr*, NH;-N,
Harmful inorganic matters
NOs-N, Cd, B
Volatile .
] Phenol, 1.1.1-Trichloroethane, Tetrachloroethylene,
Harmful orgaric Trichloroethylene, Dichloromethane, Toluene,
' compounds Ethyle-Benzene, Xylene, 1.1Dichloroethylene,
organic (VOCs) Carbontetrachloride
matters T ; - ]
) . Diazinon, Parathion, Fenitrothion, Carbaryl,
Agrichernicals )
1,2-Dibromo-3-Chloropropan

Hardness, KMnO,; Consume, Odor, Taste, Cu, Color, |
Aesthetic materials ABS, pH, Zn, Cl, Total dissolved solids, Fe, Mn, |
Turbidity, SO.*, Al !

Minerals Na’, K, Ca*", Mg?**

1. FAHA H(A residential area)

o
S
3

R
H
o
5
olr
v
Clo

FAAGAA AR 20MAH] $ES] ZHole 20~
30~280ton/day°l At AHEE ARE ANFHSA F 7
WE 507010, 7FE2AE 250U FE FlIYE Fr1EAS AN4E

a9 NFEAgol 1Y Bon, And JFEAF A%, BE, SURFE,
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Table 4. Analytic results of groundwater for inorganic matters in the residential areas

Item W?EZ; d(;l;glslty co?sgr%tera%fon ggg;;irrllcgy tﬁi
average) standards
Pb (mg/L) 0.05 and below ND -
F (mg/L) 1.5 and below ND~1.5(0.5) -
As (mg/L) 0.05 and below ND~0.017(0.01) -
Se (mg/L) 0.01 and below ND -
Hg (mg/L) 0.001 and below ND -
CN (mg/L) 0.01 and below ND -
Cr” (mg/L) 0.05 and below ND -
NH;-N (mg/L) 0.5 and below ND~0.02(0.01) -
NO;-N {(mg/L) 10 and below 0.1~23.1(7.1) 7
Cd (mg/L) 0.005 and below ND ~
B (mg/L) 0.3 and below ND~0.04(0.02) -

Table 5. Analytic resulis of groundwater for organic matters in the residential areas

Water quality Range of concentration

Item standards (average)

Phenol (mg/L) 0.005 and below ND
1.1.1-Trichloroethane (mg/L) 0.1 and below ND
PCE (mg/L) 0.01 and below ND

TCE (mg/L) 0.03 and below ND ~0.026(0.008)
Dichloromethane (mg/L) 0.02 and below ND
Benzene (mg/L) 0.01 and below ND
Toluene (mg/1) 0.7 and below ND
Ethylbenzene (mg/L) 0.3 and below ND
Xylene ‘mg/L) 0.5 and below ND
1.1-Dichloroethylene (mg/L) 0.03 and below ND
Carbon tetrachloride (mg/L) 0.002 and below ND
Diazinon (mg/L) 0.02 and below ND
Parathion (mg/L) 0.06 and below ND
Fenitrothior. (mg/L) 0.04 and below ND
Carbaryl ‘mg/L) 0.07 and below ND
1,2-Dibromo-3-chloropropane(mg/L) 0.003 and below ND
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Table 6. Analytic results of groundwater for aesthetic materials in the residential areas

. Range of
Item W::Z;(g ?lelty conceftration ggggd?ﬁcgy tﬁi
(average) standards
pH 58~85 6.1~8.0(6.8) -
Hardness (mg/L) 300 and below 66 ~241(145) -
KMnO, Consume(mg/L) 10 and below 0.3~0.9(0.33) -
Cu (mg/L) 1 and below ND ~0.536(0.047) -
Color (degree) 5 and below 1~58(3.5) 7
Zn (mg/L) 1 and below 0.003~7.301(0.44) 6
Cl" (mg/L) 250 and below 1~121(34) -
Total Dissolved Solids (mg/L) 500 and below 88 ~806(261) 7
Fe (mg/L) 0.3 and below ND~0.29(0.13) -
Mn (mg/L) 0.3 and below ND ~0.048(0.014) -
Turbidity (NTU) 1 and below 0.02~15.5(0.9) 9
04 (mg/L) 200 and below 9~65(27) -
Odor odorless suitable -
Taste tasteless suitable -
ABS (mg/L) 0.5 and below ND -
Al (mg/L) 0.2 and below ND ~0.27(0.06) 1

2. ¥YAY(A commercial area)

ARG AT 20/MAHe] 8 ZHole 15~150mAL, FTeH
10~220ton/day°lth. AIFEE A& AH3A F 710E £4F 23 7|0l
WE 4670, VIE2TE 250U xR 52 FAlSTF F71E€d
Z dRUold i AMAAALIT AV FFEHE FoAe AR AL
oldd, ZLARFE, H, W1t 2%, EFrlw T oldth olFolA WY =3
&o] 71 EgtE olv A7 FAA JHE Wol EE

ol FEZE AWFMnOy), Ael2wd®d Fo] At BAFFe] X
Eokoll Al 200~3,000mg/kg, dNolA 1.7~5.0ug/L, 3tHF N 8~180ug/Lolth.

7} 0.15mg/L ©]7l 2 E#HI gto] un, WjB@AHeY MEE T
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Table 7. Analytic results of groundwater for inorganic matters in the commercial areas

. Range of Frequency of

Item Water quality concer%tration excgedingythe
standards ( ) tandard
average standards

Pb (mg/L) 0.05 and below ND -

F (mg/L) 1.5 and below ND~1.2(0.3) -

As (mg/L) 0.05 and below ND ~0.013(0.009) -

Se (mg/L) 0.01 and below ND~0.01 -

Hg (mg/L) 0.001 and below ND -

CN (mg/L) 0.01 and below ND -

Cr” (mg/L) 0.05 and below ND -
NH;-N (mg/L) 0.5 and below ND~5.5(0.8) 8
NO3-N (mg/L) 10 and below 1.1~14.4(5.7) 6

Cd (mg/L) 0.005 and below ND -

B (mg/L) 0.3 and below ND~0.06(0.03) -

Table 8. Analytic results of groundwater for organic matters in the commercial areas

Ttem Water quality Range of concentration

standards (average)
Phenol (mg/L) 0.005 and below ND
1.1.1-Trichloroethane (mg/L) 0.1 and below ND
PCE (mg/L) 0.01 and below ND

TCE (mg/L) 0.03 and below ND~ 0.016(0.005)

Dichloromethane (mg/L) 0.02 and below ND ~0.004
Benzene (mg/L) 0.01 and below ND

Toluene (mg/L) 0.7 and below ND ~0.005
Ethylbenzene (mg/L) 0.3 and below ND
Xylene ‘mg/L) 05 and below ND
1.1-Dichloroethylene (mg/L) 0.03 and below ND
Carbon tetrachlcride (mg/L) 0.002 and below ND
Diazinon (mg/L) 0.02 and below ND
Parathion (mg/L) 0.06 and below ND
Fenitrothion (mg/L) 0.04 and below ND
Carbaryl i{rng/L) 0.07 and below ND
1,2-Dibromo-3-chloropropane(mg/L)  0.003 and below ND
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Table 9. Analytic results of groundwater for aesthetic materials in the commercial areas

Item Water quality coﬁj:ftia(zifon of ree)?cueeercli(j:zg
standards the
(average) standards
pH 58~85 6.3~7.8(6.8)
Hardness (mg/L) 300 and below 23~304(138) ;
KMnO, Consume{mg/L) 10 and below 0.3~75(1.3)
Cu (mg/L) 1 and below ND~0.134(0.027) )
Color (degree) 5 and below 1~53(3.6) ;
Zn (mg/L) 1 and below 0.00271.979(0.083) 1
(mg/L) 250 and below 10~ 146(47)
Total Dissolved Solids (mg/L) 500 and below 32~ 1160(252) i
Fe (mg/L) 0.3 and below ND~0.38(0.12)
Mn (mg/L) 0.3 and below ND ~1.968(0.386) 19
Turbidity (NTU) 1 and below 0.02~13.8(0.57) 6
SOy (mg/L) 200 and below 6~76(30)
Odor odorless suitable )
Taste tasteless suitable )
ABS (mg/L) 0.5 and below ND
Al (mg/L) 0.2 and below ND~0.3(0.06)

3. ZYAY(A industrial area)
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Table 10. Analytic results of groundwater for inorganic matters in the industrial areas

Item Wgttz?rrl d?;ggty co??gftera%fon (i(rfgeud?rllcgy tﬁi
average) standards
Pb (mg/L) 0.05 and below ND -
F  (mg/L) 1.5 and below ND~2.3(0.6) 7
As (mg/L) 0.05 and below ND -
Se (mg/L) 0.01 and below ND -
Hg (mg/L) 0.001 and below ND -
CN (mg/L) 0.01 and below ND -
Cr” (mg/L) 0.05 and below ND~0.04 -
NH;-N (mg/L) 0.5 and below ND~0.37(0.07) -
NOs-N (mg/L) 10 and below 0.2~14.9(45) 9
Cd (mg/L) 0.005 and below ND -
B (mg/L) 0.3 and below ND ~0.09(0.02) -

Table 11. Analytic results of groundwater for organic matters in the industrial areas

Item Water quality coﬁ?gféa%fon ggg;deirrllzytﬁi
standards (average) standards

Phenol (mg/L) 0.005 and below ND -
1.1.1-Trichloroethane (mg/L) 0.1 and below  ND~0.081(0.02) -
PCE (mg/L) 0.01 and below ND~0.028(0.006) 3
TCE (mg/L) 0.03 and below  ND~0.29(0.028) 8
Dichloromethane (mg/L) 0.02 and below  ND~0.08(0.02) 6
Benzene (mg/L) 0.01 and below ND -
Toluene (mg/L) 0.7 and below ND -
Ethylbenzene (mg/L) 0.3 and below ND -
Xylene (mg/L) 0.5 and below ND~0.01(0.01) -
1.1-Dichloroethylene (mg/L) 0.03 and below ND~0.07(0.018) 5
Carbon tetrachloride (mg/L)  0.002 and below ND -
Diazinon {(mg/L) 0.02 and below ND -
Parathion {mg/L) 0.06 and below ND -
Fenitrothion (mg/L) 0.04 and below ND -
Carbaryl (mg/L) 0.07 and below ND -
1,2-Dibromo-3-chloropropane(mg/L)  0.003 and below ND -
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Table 12. Analytic results of groundwater for aesthetic materials in the industrial areas

Water quality

Range of concentration

Frequency of

Ttem standards (average) eng:r?égfd;he
pH 58~85 6.2~8.1(6.9) -
Hardness (mg/L) 300 and below 44~ 241(137) -
KMnO, Consume(mg/L) 10 and below 0.3~1.8(0.4) -
Cu (mg/L) 1 and below ND~0.31(0.033) -
Color (degree) 5 and below 1~12(1.6) 4
Zn (mg/L) 1 and below 0.002~0.984(0.114) -
Cl" (mg/L) 250 and below 1~91(31) -
Total Dissolved Solids (rag/L) 500 and below 54~678(244) 4
Fe (mg/L) 0.3 and below ND~0.27(0.13) -
Mn (mg/L) 0.3 and below ND~0.27(0.045) -
Turbidity (NTU) 1 and below 0.02~3.27(0.3) o
SO, (mg/L) 200 and below 5~83(22.9) -
Odor odorless suitable -
Taste tasteless suitable -
ABS (mg/L) 0.5 and below ND -
Al (mg/L) 0.2 and below ND -

4. SA A Y (A green area)
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Table 13. Analytic results of groundwater for inorganic matters in the green areas

Range of Frequency of
Item Water quality standards concentration exceeding the
(average) standards

Pb (mg/L) 0.05 and below ND -

F  (mg/L) 1.5 and below ND ~2.8(0.5) 4

As (mg/L) 0.05 and below ND -

Se (mg/L) 0.01 and below ND -

Hg (mg/L) 0.001 and below ND -

CN (mg/L) 0.01 and below ND -

Ccr® (mg/L) 0.05 and below ND -
NH;-N (mg/L) 0.5 and below ND ~0.05(0.02) -
NO3;-N (mg/L) 10 and below 1.1~45.8(11) 35

Cd (mg/L) 0.005 and below ND -

B (mg/L) 0.3 and below ND ~0.02(0.01) -

Table 14. Analytic results of groundwater for organic matters in the green areas

Water quality Range of concentration

Item standards (average)
Phenol (mg/L) 0.005 and below ND
1.1.1-Trichloroethane (mg/L) 0.1 and below ND
PCE (mg/L) 0.01 and below ND

TCE (mg/L)
Dichloromethane (mg/L)
Benzene (mg/L)

0.03 and below
0.02 and below
0.01 and below

ND~0.004(0.003)
ND~0.007(0.003)
ND~0.01(0.01)

Toluene (mg/L) 0.7 and below ND
Ethylbenzene (mg/L) 0.3 and below ND

Xylene (mg/L) 0.5 and below ND
1.1-Dichloroethylene (mg/L) 0.03 and below ND
Carbon tetrachloride (mg/L) 0.002 and below ND
Diazinon (mg/L) 0.02 and below ND
Parathion (mg/L) 0.06 and below ND
Fenitrothion (mg/L) 0.04 and below ND
Carbaryl (mg/L) 0.07 and below ND
1,2-Dibromo-3-chloropropane(mg/L) 0.003 and below ND
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Table 15. Analytic results of groundwater for

aesthetic materials in the green areas

Frequency

Item Water quality Range of concentration of exceeding
standards (average) the

standards

pH 58~85 5.4~79(6.5) 1
Hardness (mg/L) 300 and below 27~221(108) -
KMnQ4 Consume(mg,/L) 10 and below 0.3~3.4(0.5) -
Cu (mg/L) 1 and below ND ~0.074(0.031) -
Color (degree) 5 and below 1~18(1.9) 3
Zn (mg/L) 1 and below 0.005~2.937(0.156) 1
Cl" (mg/L) 250 and below 5~85(26) -
Total Dissolved Solids (ry/L) 500 and below 36 ~906(182) 4
Fe (mg/L) 0.3 and below ND~0.23(0.1) -
Mn (mg/L) 0.3 and below ND ~0.083(0.024) -
Turbidity (NTU) 1 and below 0.02~5.63(0.45) 4
047 (mg/L) 200 and below 2~53(17.3) -
Odor odorless suitable -
Taste tasteless suitable -
ABS (mg/L) 0.5 and below ND -
Al (mg/L) 0.2 and below ND ~0.14(0.06) -

5. vjilg i

dutH o7 A AEle Ay £E2HE F Na', K, Ca**, Mg?*, HCOy
53 2o #9449 §FE drFE 7% e =9 4
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N3zt Ber Fo $dsy, 24 FE9 Fgd A7 &= Aold wetM A

330 g 7

Z7184¢ Na', K', Ca?*, Mg**oll i3}
B2 A3E Table 163 Fig. 2, 3, 4, 5 UEIRTH
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Table 16. Concentration of cationic elements in groundwater

Range of Range of Range of
) . . Range of
Water concentration concentration concentration .
. . . . concentration
Item quality in the in the in the in the green
standards  residential commercial industrial g
. areas
in UK. areas areas areas
(average)
(average) (average) (average)

Na'(mg/L) 150  11.3~376(21.6) 42~91.8(32.3) 4.9~39.4(20.3) 86~49.4(19.1)
K (mg/L) 12 04~31(1.2) 06~39.8(10.7) 02~24(1.0) 03~54(14)
Ca*"(mg/L) 250  12.7~66.1(38.2) 2.4~67.1(33.6) 89~719(354) 50~64(28.4)
Mg?*(mg/L) 50 26~19.8(80) 0.7~21.5(88) 14~159(6.7) 1.8~149(65)
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Table 17. Frequency of exceeding the standards for each area

Item Residential Commercial Industrial Green
area area area area
NO3-N 11 6 9 35
Total Dissolved Solids 7 7 4 4
Color 7 7 4 3
Turbidity 9 6 5 4
F - - 7 4
Zn 6 1 - 1
Al 1 1 - -
Mn - 12 - =
Fe - 1 - -
NH3-N - 8 _ - -
PCE - - ! 3 -
TCE - - 8 -
Dichloromethane - - 6 -
1.1-Dichloroethylene - - 5 -
pH - - - 1
Total 41 49 51 53
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A Study on Pollution of Heavy Metals in Abandoned Mines
of Area in Chungcheongbuk-do

J.H.Lee, C.Y.Kim, O.G.Kwon, KM Kim, D.H.Kim, J.S.Hwang
Waste Analysis Section

ABSTRACT

This study was conducted to estimate the status of heavy meatal
contamination in  soils(n=39), water samples(n=31) and stream
sediments(n=2) in abandoned mines of area in Chungcheongbuk-do.
The average level was 57 for pH, 0.548mg/kg for Cd, 5.405mg/kg for Cu,
0.823mg/kg for As, 0.139mg/kg for Hg, 12.538mg/kg for Pb,
0.082mg/kg for Cr™, 165.933mg/kg for Zn, 23.076mg/kg for Ni,
and the others were not detected. Concentration of heavy metals in soil

exceeded the standarcl (agricultural area) of Soil Environment Conservation Law.
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Fig. 1. Hand soil sampler.
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AEe 2AE 47ty AFH A AFHD EYANSE H3A == ZgddA A
BtE(vat) Aol L@ FARZ sto] ZAAFAHo) BA g FhddA FFo|
F HA AAFL FAAZ g, UFEAE Bt 208 B
Hl&, 7tEH, 4, 72, 671 38 F9 F34 144 ¥ By 2de
A 2mme] EFHA(10W4), UA, old 5 FF45 ATF EHUA e
TEE 015mm(100A) 2 AAS ¢ F ANEE 742 Fed¥ FHstod ARgsigch
AR AFAAHAA A} EFARAA F, UFE 5 5L AT £
e ASZ AT pH 23L& AR ¢ 5¢& o} 50mL Hlo]A ] Hsha
T 25mLE ¥ W2 felE AFHA 1AL Bx F 2o

i

B 2 FHAYT](1003]/%, FE 10cm)olA 143 A-EE g 7 550)(5B)S
ol g3t AFG F AREIIHTE”  AIGEAL AUSFAXNE AREAT, UA
3 otAEA L ofAH A e R (C-SH6 Soxhelt Heater Chang Shin Scientific Co)S
ARge] EAEkh §-2hE AL ICP-MS(DRC-e Perkin Elmer Co)S o] 83}
B4, =848 FEE47I(RAD7 RAD-H:O DURRIDGE Co)& AHg-3te
Aol S48

m. 23 9 31z

1. AAAAE Fa0)LFE B4

B 2AATE Bala HEd AA BARCIUS, A%, Aske, oldsE
3170t st E A= 27028 BAS ZAHE Table 29 YERAT Fig. 2014
HFak ANsE HEd 2P 02 pHE 28842 YEI oD, ©F Boe
U7t pH 282 Z1 WAl JERTh Table 2014 ©okebdol st A B

pH 68%2 WUEFTE EoF AlEe 39714F AFHT AHE Table 30 el o

S~—

ofd
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o At pH 33782 Uehgth $ejuet AA Bl pH 3.6-9.29%° Hlmstd]
Bd Fgate] BF B pH 572 UERT

SO N O OO O O

om

ol = & c z
% = o = o
= = = = =
I A A A o
A

—

Fig. 2. pHiof mine water in abandoned mine.

OB P 0
O £ 00 gjr

2. AFHARE T35 5 X

NE

Lk

394 EU EAAR AA FE BEE FL2ol2FE(pH) 57, JIEH

511

0548mg/kg, T2 5405mg/kg Hl& 0823mg/kg, T 0.139mg/kg, b=
12.538mg/kg, 67} L& 0.082mg/kg, ot 165.933mg/kg, YA 23.076mg/kg
o2 yehdon At AEHAGgth gkl selvst AEHIHED)

1 g2ustse HZAEY FEE Table 13 2on EAT oidAde| J4t
EorA g £24 BXE Table 13 28 55 oJUE UetETt

FaE AP e AWEY, FFA FF5 aAGE dFEELe A=
12755:5657, 9% 36:59:42.63(TMZLE 28272443, 388893.18)°l Aatx et
A5ERAe 2F2IZYRY Hog FAT vhE3B Fo AFAE AUA

01km 7}d ExA 9o BAEAES &A1 4 Qo) ER, F4HE A5 240m
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Aolol em FIF4= AsH 70m Al AL Ad 120m AFHFEH AHNER
Hase) Yk,
Table 1. Total heavy mgtal concentrations in background soil in various parts of the world.

(unit : mg/kg, dry weight basis)

Item Pb Cu Zn Cd As Cr+6
Korea'” | 6-2,462 | 2-237 | 3-1,052 |ND-20.0 | 0.6-29.0 | 0.1-85
UK 16-41 [11-323| 20-284 | <0.3-2.4| 4.8-8.6 -
Usa' {10-700| <1-700| <5-2,900| <0.1-2.9] <0.1-97.0| -
Japan'! 5-189 | 4-176 | 10-622 |0.03-2.5| 0.4-70.0 -
The world'"| 2-200 | 2-250 | 10-300 !0.01-2.4 | 0.1-50.0 |5-1,500

FHoE Aol slow, Autyst o] vetgal ok AsEdAte] olge
dHEE He Yid Bttt FRIzke] A zA A3, 1980
Z H3FE AL FUF 5 AAT. @AM AT F HAA, HIE F

A hae] A8 72
AR B HAAES ARSEC] AR H oy, FHEAA ¥S E F
FHETE FgdolA AHEFolH,

A FEANA ol § HRL, MFFALAM Fol FNE sAoL e

2oz 3

TEFANY 9L

Ae Edes dgdth 53 AUsre

HaA=o] Aok AFEAFH= BT AT HEZE JUSFSRIE 1275556 H %

36:59:42)5 A 53l oH, AT Qe
36:59:42)011, 78Tl A PSR WiEel EEAGHE | HolA FELIFAA I

1 Ege YIS 127:55:556, AE
F3t] AR 1275553, A= 36:59:40)5 A8t AYTFelA 300m A%
Hoizl =olA 29 ERSE 1275549, A% 36:59:40)8 AFHsA v s
At AR FOR AFH & =02 B4 oF 1.3kmHFE ozl
E 3W(AE 1275542, A E 36:59:28)S AMFASAT LUYEE B4 de

Table 29} Zow drg AHEHH AFFF4E A3 BUl$F pHE 822
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of grtEld e s uvebyga, ofdo] 0511mg/LE UERT AdtFAME
732 0.042mg/L, o} 0.154mg/LoZ Eo|d At AHHA dghod,
Table 4914 712E7 wlustd BRY, 25 A3FAELF) FEVES
nEE Aow yebg

Table 2. Heavy meatal concentrations in abandoned mines of area in
Chungcheongbuk-do(water).

= Cd | Cu | As [Hg| Pb |Cr'®| Ni 7Zn |CN|PH

AF 7394 | ND 10.020] ND |IND! ND | ND | ND [ 0.511 [ND|8.2
AF 2|3 | ND |0.042] ND [ND| ND | ND | ND | 0.154 [ND|8.4
A4 10.014]0.027] ND [ND| ND | ND | ND | 1.058 |[ND|8.4
s ND |0.017] ND |[ND| ND | ND | ND | 0.335 |[ND|8.5
2| 3t ND 10.019] ND [ND| ND | ND | ND [ 0.266 [ND|8.4
7AW 10.036/0.253) ND IND| ND | ND | ND | 3.245 IND|7.5
EENE ND 0.014] ND |[ND| ND ND - ND |0.204 ND|4.2
AFEFEE T 0.05310.203] ND [ND; ND ND 0.808| 4.507 |[ND 4.4
2 ND 0.014] ND [IND, ND ND ND : ND |ND|8.4

>
i

>
el

S| L] S jof| of | of oft ot | oft | 1212

||z |z |z | ot | o | ok | | 1| | ¥ | >

ol ol | oft | offh | ot | ol | ol | o | of | ol | o | o | ot ol o ot
P P20 | P | 2

334 1 ND 0.016/ ND [ND ND ND ND ! ND |ND|8.6
31x4= 2 ND 0.016 ND [ND ND ND ND . ND |ND|84

AF %34 1 ND 0.016 ND [ND ND ND ND ' ND |ND|8.2

oy AF %8+ 20 ND 0.008 ND IND ND ND ND ' ND |ND|7.9
Aargal 34 1 ND 0.011 ND ND ND ND ND ND |ND 8.3
g FAF 3t3<F 2] ND 0.011 ND ND ND ND ND ND |ND|/7.0,
g aE A ND 0.009 ND ND ND ND ND ND ND|65
YA FA A5 ND 0.016 ND ND ND ND ND ND |ND|84,

Bk ND 0.010 ND ND ND ND ND ND |ND{7.9
ex3AF 7hol A== ND (0.010 ND ND ND ND ND ND |ND|7.8
a3 74~ 0.072.0.019 ND ND ND ND ND |4.021 ND|7.5
£ 3144 0.0050.018 ND ND ND ND ND |0.495|ND|8.4
74~ 0.010 0.180 ND ND ND ND - ND |0.765 IND|5.3
2| 8F ND 0.0250.124'ND ND ND ND |0.292 IND|7.7
kR ND 0.016 ND ND ND ND ND | 0.082 ND|7.1

O

o [UL

2

%
e

e

2

(2| 24 x| o off| i | e e i [ | i 3 o o) Plor| e et N N

22

o

>
g

¢

~
o

-

g
Lol |ofd okl fotd
™
g

-

| ] o ol ol of | o] tio| o o[ L] ol o] to] | H | R | 2| 28| 24| ofy| ofy

2 [
Al

>
gl

‘TQF

_%_

=

=

= )
geor wrorets} 74 0.006 0.071 ND IND ND 0.008 ND | 0.229 ND|7.9
Tor crokErd A E HE 0.442 0.194 ND (ND 0.164 0.015 0.900/10.540 ND|6.8 |
vhoF hekebd 2)8kp ND 0.018 ND ND ND ND ND |1.194 IND|7.5
croF Hokelst 74 0.004 0.039 ND ND ND ND ND | 0.809 ND|2.8
goF Bofetd s ND 0.014 ND ND ND ND ND |0.188 |[ND|5.0
ok Holely zlolg4+x ND ND ND ND ND ND ND | ND |[ND|5.9
ThoF Zorely akAEE 2 ND 0.0200 ND [ND ND ND  ND | ND ND 6.6
L e ND ND ND [ND ND ND ;| ND | ND [ND{6.6
ok gg}gAat gtele= ND 0.015 ND ND ND ND | ND | ND ND|6.8
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Table 3. Heavy meatal concentrations in abandoned mines of area in

Chungcheongbuk-do(Soil).

Al B oo Cd Cu As Hg Pb |Cr+6| Ni Zn |CN|PH
T A¢EFA E9F1|0123 ] 5353 |1.196 | 0.084 | 3.403 | 0.077 | 10428 | 96.864 |[ND|6.7
T AFEFA E92|0124 | 5.041 | 0897 | 0456 | 1.464 | 0.102 | 13.282 | 52.447 [ND|6.3
5 AFEPA E3(0.156 | 3.878 |0.957 | 0.261 | 4.241 | 0.053 | 10.473 | 68.458 |ND|5.7
A G534 EQF] | 5.049 | 17.942 [0.621 | 0.085 | 5.778 | 0.060 | 26.672 [1191.901|ND |65
A FFFAF EQF2 (0875 4013 0552 | 0.011 | 0574 | 0.049 | 25.251 ' 206.885 |[ND[6.7
A T A EF3 | 1683 | 5546 | 2441 | 0.009 | 17.327 | 0106 | 15.711 660.324 |[ND|7.0
Bo WA B9k (0367 6458 12777 0.098 | 0.645 | 0332 |107.400 262.471 |ND |35

S FH YA ESF2 0215 0625 1328 0.013 | 0261 | 0.087 | 30.858 113.215 |ND|6.1.

S S B3 0093 1.792 0744 0.030 | 1.325 | 0.063 [149.111 458.731 |ND|5.2
S & o) H-ZAF Bkl 0.089 1.702 0.656 0.029 | 1.059 | 0.045 | 17.859 51.143 |ND| 6.2
S R BAF B2 0255 10842 0.658 0123 | 9.650 | 0.141 [ 22969 | 68.076 [ND|58
22 Al EE3 0306 5.857 0.665 0.061 | 5581 | 0.073 | 18.779 | 65828 'ND |53
S oAl BEok4 0265 8873 0695 0.102 | 5153 | 0.127 | 23.832 | 78.613 ND 6.3
L3 o B4t EoES 0398 6357 10751 0.095 | 10451 | 0.125 : 19.492 | 66.299 ND 5.2
S Yabdah BoFl 1214 3996 0355 0.050 | 30218 | 0.013 | 10.511 | 269.877 ND 52
S HAFAE Bok2 0823 6.898 0.754 0.037 | 40.097 | 0.064 | 12.909  240.810 ND 53
2z YALIAL Eok3 0467 6853 0.817 0.047 | 16491  0.098 | 12.186 140.075 ND 5.2
S EAFA Bk 0466 | 3697 0690 0.058 | 20700  0.073 | 10.306 231.479 'ND 5.7
= YAabgal EOF5 0617 | 7550 0.729 0 0.029 | 23.084 0116 | 10.230 1 186.227 ND 6.1
SH YAFAF E9F6 0468 | 7.937  0.783  0.034 | 17.234  0.091 | 10.295 | 118.125 ND 5.7
AE YAFA E9F] 094125744 1 0416 | 0264 | 1.404 | 0053 | 4768 ' 27522 ND|3.3
A FAA EY2 0224 13966 | 0.868 | 3.070 | 44.084 | 0.406 | 15107 [ 105.013 ND |58
I F3A ESL 0290 0899 0.855| 0.043 | 36.675 | 0.014 | 7554 108717 ND|52
AH FAFA B2 0714 4175 11497 | 0.024 | 26.181 | 0.161 | 30.298 | 274492 ND 56
A S Bkl 0188 | 3598 0675 | 0.006 | 23.840 | 0.057 | 26.991 | 152.686 ND 6.7,
A FAIAF EF2 0359 | 2493 | 0.927 ] 0.021 | 23749 | ND | 15450 | 63.708 |[ND|6.6!
A FEAFSAL EOF3 0247 | 5234 |0.794 | 0.004 | 10.99 | 0.141  8.698 | 100.392 |ND | 6.7
o4 A EYL 0216 6451 | 1.381 | 0.089 | 45297 | 0.114  11.294 | 148.493 'ND 7.8
w4 A B2 (0087 | 0699 0836 | 0.001 | 1.807  0.047 | 35.463 | 157.262 ND 6.8
A FEZAA ESk3 (0156 | 4404 10578 | 0.008 | 7.195 | 0.057 | 14138 51.837 ND|5.9
ook chokelsd E9F1 1 0.052| 1.971 0166 | 0.012 | 10.447 | 0.018 ' 7.764 101.827 ND 4.0
T chekuka B k2 101231 2,093 10.680 | 0.027 | 1.102 | 0.041 | 39.007 136.984 ND 5.7
woF whekeld EQF310.250 0 0.783 {0490 | 0.005 | 0272 | 0.013 ' 25.843 106451 |ND 6.4
whoF whokebsd k4 [ 0.008 | 0463 0314 0012 | ND | ND | 25317 53.065 ND|7.0
ek Bokebsd &9k 10088 0562 0520 0.050 | 1.741 | ND | 1503 ND ND 41
ooF Bokekd E9k2 0076 | 2120 | 0566 0.014 | 2.863 | 0.028 | 21.102 . 63.730 |ND 5.0
bk ESEEAT B 10051 | 5452 0259 0.021 |32.094 | 0.013 | 9.994 | 55822 [ND 45
S ElSFgA k2 0155 4256 | 0.601 0.037 | 3.296 | 0.121 | 20.856 | 76.711 ND 48’
S ERStEA EF3]0078 3385 0595 0.015 | 1.242 | 0.035 | 20.656 | 58.834 |ND 538
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Table 4. Water and soil standard of Environment Conservation Law.

ENADEY: £d mg/L, EY mg/kg)
T
pH |As | Cd | Cu | Ni|Pb|Zn| Cr" | Hg | CN
HE=E9o] £27]F& |5885(0.05]/0005 100 - 1005100 005 |0.001| 0.01
A
R ShHT (AR N .
A | .| - |0050005 - - 005 - | 005 EBHFEHZE
T§71% Zﬂ%w]‘{f_‘ |
i 2| 8}4
= T
= g 5885005 001 | - - |01 - | 005 BR%E E2h2%
T -
Aatg |(EEET)
7] . A gt i i
3 .. 160851005001 - | - [01] - 005 BAZIBAE
&= . (&)
1% HEs
- . 5090[01 002 - | - 02 - | 01 [¥dF 02
(THEF)
E | Eokod 97y]& | - | 6 | 15 | 50 | 40 100/300| 4 4 2
=5
Nz | E¥ed wAZE | - |15 4 125100300700 10 | 10 5

EYQHAEE =AY st EXEFHAPH &8t pH, As, Cd, Cu,
Ni, Pb, Zn, Hg, Cr'*, CN 5& ®43 ZA#HE Table 3o “Jepilen, 1
AE AWEE EdE FEFSE AHEES JIEFE 0130156mg/kg ok
= 1% o3tE HEH
FargEol o AN gFE e AR
AW FEBAe AHA FAR FAHA xAEH, AHH AXe A=
128:11:32.87, $1% 37:02:50.95(TMZE 305809.52, 394956.01)0l $1A&tiL STt
oA FARgoz W Zrz syt 1uE AURekA 23] d e

WU ohgs 2AE AU 05kmAE 7HE whE Aol Fadol AV

rlo
2

FAolHe SEWMS A 143223F, Al 1960052 FEH don =,

7 7

ol & ANy 9T BAE oItk BArRT AL =AA dHI AT
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Satigo IR ATE )4
ZAEQom ARE AHol T, HAE ATFL] 4% Hoidnh AusE
Z2H0, QAP Vol $ILFE ALHTJT T 9 HAH P B

_]C_)r
Qe Ao ZAHUT, olgols FABA I F & JE o

o b
ro o

5
rr

o
L

rig

it

2 I, vpo FiAE 94Xz FAAEE 100mel HPE= AL

Hoh FAFEORE Q% LAARE ZABY] st #AF 2 dTolA
AUSF(HE 128:11:3287, A= 37:0250.95) 8 A53tAth & LYFolA Ed 19
(= 128:11:33, A5 37250)& A=5AF, 2 EHSE 12811:34, B &= 37:2:58)

AT ¢ 9F08 20m A Folw, 3¥ EKAE 128:11:34, HAE 37:2:58)

3 B4 2 AEAA AFHSFR A, (A E 128:11:33, B = 37:2:51)%
npg o A RS S 128:11:33, A X 373 1N)E AR dHFE e
Hieto] AXe g =eju gled, ARte] fF7Fo] oM ARAHE & F AU

BAA G534 dulgeel A Cd 0.014mg/L, Cu 0.027mg/L, Zn 1.058mg/L,

pH 84% Yettem, oA Cd 0.017mg/LE Table 494 YeRAZ %

o] A4 AV F AY ARHEI|F(CA 0.005mg/L)E& 233 Ao
et o] e HAAA diREe] dHdeg EAsiH, By &7 folgt

A57t 7bssta mhe FREE $834 41 e AAelth AFgolME
Cu 0.019mg/L, Zn 0266mg/LZ R} A3l 885)9) 7]& oy & vhehgo}
B¢ AEE vzt B R AN EYHd7IE(E8AY Cd 15 Zn 300mg/kg)
2 7| F(FEAAYE Zn 700mg/kg) vlwg AF FFFA 18 EFA
Cd 5.049mg/kgS® $-871EE 348 % A3, Zn 1191.901mg/kg > &
$-H71EE 4.0, B H7|ENE 179 233 HoZ e 3H EfolA
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Cd 4.638mg/kgl 2 $#7|E 31MAE =AU Zn 660.324mg/kg 2
°#7EL 228) 233 Ao g Yehgth 199493 F - HFE S53AY Y
et AERaA Y w2, FasEe AR sS4 HBFL
z27ele 2R oldo), AR 24 BA/I1FS 2RE oldn $Rr1Ee

2738 FtEFol, AR SBelA SE7ES 2FstE okdol HEd H At
2d% 59 HIXE Cd 16577mg/kg, Zn 175545mg/kgo 2 AZke] 73 3to]
o3t FE&Y AREHE CdEI} Bo] ZAE ZALE YBEkton, ol LHEHol

SR FAANZY Bite] S-HEHER FUdzAE Badrty dddT.

ne SRS FRAPs A 3MYrith AEHH F A AHom
20043 B R Augstolt. AUt gol FHuen, ARAHAE
AUFERE 127:372, A5 36:27:29)9F AR|(H1 % 127:32:2, 3= 36:27:28)F
AR, SAHFASE 127344, A= 362727)v= ATt FFEH7]
20m HolA NFeATh ATEE 200m AH) AbgHe] glof A E(=
127: 373, A% 36:27:38)% A& sthon, @y olfE HE HolA oo} Frte s
Akl edd Aoz dAgHAt 23 EWEE 1273711, BE 36:227:52)2> AT
&% 400m A @3] oF Lol A AF3IATh 3 EFHE 127370, B= 36:28:9)L

600m A =olA AAHSIATE E4AA el Cd 0036mg/L, Cu 0.253mg/L

)

$} Zn 3245mg/1, pH 752 JERTE AUget FUdAd sl A Cu 0.014mg/L,
Zn 0204mg/L9} pH 422 UehdEt ole Rl e Hedadel o3 ddo=

#aEs, sF de ARHEAAM AL B #4423 Cd 0.053mg/L,

A7}R 5 7)F(Cd 0.005mg/L)& 108] 2373 Ao e on, pHE 448 A<

wo] A telHE olFEe] A& & Qe BAel ol oz Budrh ke

rlr
T
k1
N
ol
Q'L
El
30
rlr
N
_\-Fl_,
N
3
i
2
o
S
o

FREL shdo) 277 AR &



A4 A3 o|{FE LAFA RIAA ol FHRHoE Wse By,
THFe] JFor dodnt EREA A £ 19 AAWolA Ni 107.400mg/kg,
pH 352 44doz yetwti, EF 39 = EUdA Ni 149.111mg/kg,
Zn 458731mg/kgo 5. EFLEE7IEE A7 37, 154 2338 Ao 2 Yepgth
ol FAETY Hiel o Aoz HdHT)

ST A2 AR E ASAHE 18 FFAH AU B 19
(1= 127:438, = 36: 1927)& HHFA5L, FUZ F7 2, 39 oA EF 29
(A= 127433, A% 26192608 E 3RS = 127435, FE 3619:27)2 1 F79}
2, 3 FAReloll A 100m3H: ol A, 4W EKSIE 1271434, = 36:19:29)L
™ BT HFOE 150m AHFAA, 58 BT 1274310, AE 36:19:25)
FS 150m A AFHAT AT 1N(AE 127432, AE 36:19:29)
gkl A 200m EojR R FRAHIH, 3RS 2= 127439, AT 36:1924)
el 200m ozl A zlolrk: 227 A2 A3l 1SS 12742 56, 7% 36:1947) 7
ool A A sk 291(1 % 127432, AE 36:19:19)8 A3t oh o 2Fate]
A=, sHd e, Askr EA4A Cu 0.008-0.016mg/LOE Eo|3h AFgFe Wb s
goton, EckAls EA A3 Cd 0.089-0.398mg/kg, pH 526302 BT
EFLde7IE oz Uehd 3Es o d3e A9 gle Aes wnkdn
Aebgate s Fit 3o 4bollA B 1S 1274429, 7 = 36:19:38)

)
S
rlo
D

= 200m A E=olA EF 2H(YE 1274430, 5 36:19:42), B4+ AW
100mA el A oAl Bk 3 1274421, AE 36:19:42), FZ 150m A&
woll A EQF 4R(HkE 127: 4424, BE 36:19:39), AW = 300m R A o)A
LA EF SH(IE 127:44:25, 7%= 36:19:44), AW FHZ 400m AH wo) A
EY 6M(SIE 1274419, AE 361938)9 AIBAFHE sPgon, B $=
300m A HAA S 1N(HE 127:44:30, AE 36:19:45), AH 150m A oA
St 2WU(HE 127:44:25, AE 36:19:40), 1813 BEAb AlRdlE B84
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ASE(AE 127:4421, A= 361942 8E AFaAh. Ase w7t v okt
AR FHeIns A5 Tatgon, s o FUEFE AHSSHE AskrolA
Cu®l =7} 0.009-0.011mg/LoE UEh} Eoldk Ak &zshA] Zahith
B9k g7 ABEA Ay CdE 0466-1.214mg/ kg, Znd 118125-269.877 mg/kg,
pH 52612 E%F EFLASEH/E oJUHE UERT

Qe YABAL FHoT AYTAA EF DS 1274653, 4= 36:0:52) 7
dhol| A 2W EKSE 127:46:56, A S 36:0:50) 18] I A (= 127:46:56,

Lo
[¢]

N
b
N
@
S
X2
59

FAS(AE 1274656, AT 36:0:49)8 AFatAct. Asksst
S BT Sold Aghe UehtA Wstm, B 2%olA Hg 3070me/kg O
i =7 Veh} 3k 350 oo e dudn, FE4 8 BF BEYHIHIIE

A IR Bt Q)T 5m AA ] oA 1A EHHE 127298, BE 364942),
100m EolA ue FTwolA 2WMEGHE 12729115 AE 36:4943. 2),

o]z mrlol A zrolAdFEe AUFRIE 1272910, BE 36:149:42),
150m Bl AHAAM SAFSE 12729171, AE 36:49:47.7)F A rsHAT
F7b o)RoiR Hato g vhEFtoldFE BHAFY HEEe
#A712 o2 vehgi AUFdA obdo] 402img/LE UEIRT. EY
NE BMATD Zn 27440mg/kglE BF EFLASEIE oJUHE e

g TABAL BIAPAAY] $uy FAoE JUFE AN LA
Ly

Jo
o
o
o>
flo
e
)
Atz

127588, A= 36:48:59)8% AMFatgond, AT ¢k 5m AR LA
1 EFEIE 127588, AE 364859), dhdde] Fateld 20m Hx= 2o
dol A 2 EY(HE 127588, A5 36:49:0), 100m BoljZ LellA 3 EY
9% 127:58:6, A= 36:491)¢ AHSFH L, 50m Bl HAA A st
AT 127588, A% 36:49:.0)9 BHHF(AE 127588, B 36: 49:0)F AH53FATE
A3 vpeFyle] ABLEFE AGST e Astrs As7h 0124mg/LE

A
=
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il
iv
o
2w
H
I
M
v

A (A E-EF) FH7IF(As 0.05mg/LyE 23T Ao
Adpe BF EGLESHIE oJUE UERdTh

4 FERYe fuivel A SR 4T w9H A A,

2

o FZ34E YA W EE 3 21 15 E o8, FELFFE AY
FEolmE geH AFAYe fAEGHoY AAE 4 BEFHI Hu|E3AL
HE2Z nigo] gty FAtold S AWEW FFAAY FAAAH A 713, 813,
82%, 9138, 923, 935, 101%, 10235, 103%, 1125, ¥ 1135(FEFHE A 533,
4383, 5603, 142903, 17038%, 144253, 96043) 2 S EF o] o, I3 &&

s 191& FArelrh FAke] FAEE 19093 SFEUSH, 2002@ FHol

gAsth Rt 5, AFE 12047 AYem @A A=A
GENYF)O] FALE ASHI] U3 B AF BEs) FAAL FAe

XL AR wEE HEHE AT, A4, Frjet AFFANE T2 AU
e A dolE AR vk o] e Aejeoltt FatshE 50mel rheel
Hx3H AFe AFEE AESIL Jdo dAdAWY EFEHo FH EYS
AFsATE A Al F FHA dAcE REHO e FEHAA 1H B
(A= 127:35:26, A% 36:58:29), 3]AF & HH 10m A LA 2 EY
(1= 1273521, A= 36:5822), 100m "Boi = 3¥ EHHIE 1273519, 2% 36589)<
AAAH B, dds At T2 ABRAMHAE FA XA

FEA3 Cd 0.087-0.216mg/L, Zn 51.837-148.493mg/L, pH 59-7.82 =5
289 7E o2 Uehgth 1993 MFRAIME 25 EYded$er)E
VhERGET R, B B el EAo] goglA] ol EET

o] glo] Bk W Aol Je AN geRoE wyAT

HT
o

URE
fru
Ru}

to
rlo

>‘|
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T

M

GOFEFS 2000. 8. 17 - 2001. 6. 19 A b2 gAY &S AR =
FEEFo] AFAR BF7} o] FolA Utk BR(H = 128216, 5 36: 56:40)

i

ofd

A4 ok 10m "ol oA 18 ERSIE 128:20:51, AE 36:56:27), =224
Wo| 4 2H EOKYE 1282051, AE 36:56:27), F4t SHFAA 300moll A%
oA ARF7E FPUeeel et oA o ToA 3 EY
(A= 128:20:37, A= 36:56:32)7, AU T(F1= 128:20: 37, B 5 36:56:32)F
AT B3 FeAe] SHEHERIE 128:20:37, B & 36:56:32)7, B4kl A
600m A5 Hoizl nlg AFolA A= 1282022, AE 36:56:32)F 3t
EAsdn. vkg FUEAA AFE o]&3te AdFodA Cu 0.018mg/L,
Zn 119%mg/LE HEES $4V|E Zn 1.00mg/LS oRE 233 A0 ® Ve
AUl Zn 0229mg/L, Fe 68550mg/LoE YEIGT SFHEHAE
Zn 10.540mg/L$} Fe 71,040mg/LoZ YER} H249 Al 33 Aol
Uebgth 388 A8 EA4E 98t 71E A7AY 1085 9 d HEe
Asldct B AgR4 A3 Cu 0.052-0.250mg/kg, Zn 101.827-136.984mg/kg 0=
T ESEIE oWE YENTH

BoFege g A 4 AR ARSI 128177, %4 536:5310),
730)(1= 1281777, A% 36:53:10), 200m BojZl FHrelA 1 EHHAE 128:17:273,
A% 36:53:13.0), 500m "ol 4t Lol T2 FHNHE 1281724, 5 36:53:24) %4,

A

t

FHHAHE(YE 128:17:24, AE 36:53:24) 18 AYE whE A
ol (S 12817464, A% 365321905 AF3tsdch AlaolA Cd 0.004mg/L,
Cu 0.039mg/L, Zn 0.890mg/L, Al 15950mg/L, pH 282 UElsith Sojage =

A ST AN SR BRste] 24710l s vl 24 W ol
gol Bolt ¥ oAe UTuFol FHROE WAL YehjE Ao



el sg
BE 37:557.0)8 AMFHEHIL, 300m FE Wl A U npg oA Eok 19
(F1= 128: 294711, 7352 37:60.8), 3F59} P VIS 12829471, A% 37608) %
AstR i, 1.5Km 4= Holz np&d 7 oA 2¥ EHE 128:30:31.7,
BE 375477)& AHATNAT. EANE BE4AT PolAERdA Cud e
0.015mg/LE Yehgten, EGAE £42 7 Cu 0.051-0.155mg/kgE UEFT,

flo

341 Aol HFe Hegito g 4k Aol XS, FU)(HE 12829 154,

pH= 455828 So|3 AeHE 4AE 4= itk

FAb ok st A5k 1M 0 0 YWY 144-2), AFHS 2
220), o} e(HxE HHEALE AT e R A A 3
A 1440pCi/L, ABH4 19H 5595pCi/L, A&t 29 1983pCi/L, told4=
507pCi/LE uEhtt, f2ba2 3ol 0.078ug/L, A8k 1M 0.000ug/L,
A8k 29 0.017ug/L, IO dFE 0.746ug/LO 2 UERSTE ZAFA SAY £

AAA EAshE EE2A VY A9 A7 e FAVES gloH

rlo

~

Yebtth febEe WE vlEel 30u/L oWl et B3 mzw
00695 AsteF AT FHUH 24 2AETH SebE 1AAA,
BE 2] AHol ve MER ANANE 2FGA L5, Zo)9A U

s AR AT AR E

1

Py

i

FA A BHe FAH BAHgos AEE FIL0T go| odwol
Rtk AU A weeloe] g0 Bz WY

WRASE FR AN AS ok HA B Pujs PESol o)zt Wy
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5|6 oreld 300m SHEAA A FAA Auls FHE FEven dth
HAE Aol AEIE FHAM] AFEHXA

AT E Aro §92 Adsly FARAL TAsorTh FHHL FVAEY

o Eh(Ee) A AA )% Aol ME Fe'/Fe”, SO EaE ] A4

#He) dgdo] Fo2 & 2 w3 FAEE oA FEMeE HEY

s SAgHE AYHoF EhE ¥F 1 pHE o ¥t Ehe 371F

AT SEALE B2 AEHS o]&dty pHE Uk A7) f71EE

sgste utg ol o3 HS Ao ZAHGY sAnetE okstd

ofgh e} )

1. 778W FA e 4hshEA

Aol AU AE WA - EZ AEE 9E, A jF2E AXFT

A W Ere HAE - H4A, Bo 2 YA A

2. 779 #AFAH =4

A H e §2Y - ATES ZAaPEHSE B UREZ, {7129

59

o) . m A EEtA Yo 24 2CH0 + SOs7 = HS + 2HCOs

m}i_n{
=
o
A
=
|

M2 + H,S + 2HCO™ = MS + 2H,0 = 2CO, M™:&& F40]2)

Fe*' + HS + S" — FeS, + 2H'

KA zzte] 9] - 230 93 o)t F3pEo] JHE FIFPH.

3. &A Ax - urd e AAHA AETAH Aot

4. =929 A - &5, 13F AW =4

torelate] 792 wiEEE AHduElse] o] wimd A HolEE oY 19% 500)

ds3ake] A7l T BAEA oz LAUNE KLy AL 3
gduc Ar|des AAMes}t 7Hed AR o] &3k Aol AAHl %

st d8A HeAdgAdes X A £9A AHY AT oL del

ahalto 2 Aulel wl s Aol JH kAt AAlHel2t AAZ.

i
>.

20
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v. 4

Egodr A EAIR 337, EYAR 397 B4

FF3A sk ol CdY FE7F 0.017mg/L, B

= ol A

"

FANEEF AT

33 %

F%7F 0.053mg/LE

Cd9

oy

~

-d 0.005mg/L)

(¢

ol

mﬂ./—f.

$27E o2 YElstt

3 AR R 1 Bk GdY w7t 500ng/kg Znel 57t 1191 90Img/kg,

de F%7} 4.638mg/kg, Zn® FX7} 660.324mg/kg,

31?']_ Eoohoﬂ /H (

F57F 149.111mg/ kg,

Edd A Nig

Zn9 FE7} £87Ing/kglE EUE E

JeRt)

=
T

E
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