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Summary

Livestock excretion from the farms are publicly treated in the plant, but the
surrounding soil and groundwater could be influenced by compost or liquid manure
applied on the fields. Eventually, soil loading rate increased, changing the soil
properties as well as groundwater quality. Therefore, this study was carried out to
interpret the characteristics of soil and groundwater which could be brought from
the farms in Jeju island. Hallim district has bred so densely populated livestock
that the highest loading rate appeared to be evaluated. Especially, the upward
green land is mainly composed of pastures on which liquid manure has
periodically applied, but on the downward area of crop land, vegetables have been
cultivated.

Soil were dug into 30cm deep with shovel and 2 or 3 kg of soil were taken
between 20~30cm deep. Going distant from the area of liquid manure applied, 90
samples were taken and dried under the condition of shadow and natural wind.
Total nitrogen(T-N), phosphate(P-Os), CEC(cation exchange capacity), anions and
cations, and toxic heavy metals were measured. We used the values of cations(Ca,
Mg, Na) to calculate the SAR (sodium adsorption ratio) in order to evaluate the
salt accumulation in soil profile and analysed how the values relate to the
contamination sources. In order to evaluate the effect of such soil properties on
the groundwater quality, 32 groundwater samples which consist of 27 groundwater,
and 8 samples of spring water. For the samples, pH, anions and cations, &
PN(stable nitrogen isotope ratio), and the microbes derived from livestock source
were analysed. We interpreted the soil and groundwater contamination properties
in the area of densely populated livestock, by classifying the nitrogen sources

with groundwater types and the microbes distribution with the nitrogen sources.
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1. Loading rate of nitrogen and phosphate across the Jeju were 12,820 ton-N/yr,
and 3,190 ton-P/yr, respectively, of which those of Hallim area were 2,881 ton-N/yr,
and 1,101 ton-P/yr, being occupied by 22.0% and 345% of the Jeju total
Especially, livestock portion was 2,584 ton-N/yr, being occupied by 89.3% of the
loading rate in Hallim, meaning that Hallim area appeared to be most densely
populated with livestock farms. On the contrary, those of crop and domestic were
566ton-N/yr and 92ton-N/yr, amounting to 20% or less of livestock.

2. Considering no treatment rate of livestock waste of 10%, fertilizer loss rate in
crop land of 40%, and loss rate on the way to the public treatment plant of 40%,
nitrogen loading rate on the groundwater quality were estimated to be 258ton-N/yr,
226 ton-N/yr and 18 ton-N/yr for the livestock, crop land and domestic,
respectively. The rates were similar in both livestock and crop land, but the
domestic came to 10% or less of both the above, meaning that groundwater
contamination in Hallim could be mainly due to livestock and chemical fertilizer.

3. The concentration distribution of T-N and P»Os tended to be contrary and
clearly differentiated between upward and downward. The upward area of higher
T-N has been used for pasture and periodically applied with liquid manure but the
downward area used for crop land and mainly applied with chemical fertilizer.
This meaning that higher T-N and higher P:Os. was an indicator in the area of
liquid manure and chemical fertilizer applied, respectively.

4. CEC ranged from 16.3 to 18.2cmol'/kg in pasture and feeding crop land but
the other areas including the horse breeding ranch ranged from 115 to 13.6
cmol /kg, which suggested that the pastures and feeding crop lands would be
being influenced by the manure applied On the contrary, no variation of pH
values were observed among the land uses.

5. SAR values which are calculated from the concentration ratios of Ca, Mg and
Na, unlike CEC, showed the highest of 0.19 in the horse breeding ranch, followed
by 0.17, 0.16, 0.12 and 0.9 for the pasture, feeding crop land, orchard and crop land,

respectively, which indicated that the liquid manure applied would bring the
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accumulation of salt contained in the great amount of liquid manure.

6. Geochemical properties of groundwater by depths showed that alkali metal of
K, and Na, alkali earth metal of Ca and Mg and halide of Cl and Br drcreased as
the depths went down. On the contrary, the contaminants of SO, and NOs-N
increased as the depths were lower, meaning that the shallower groundwater the
more easily influenced the groundwater.

7. The water types showed the difference, representing Ca(Mg)-HCOs type in the
eastern part of Ongpo stream, Na-HCO; and Ca-SOs in the western part and
Na-Cl type downward.

8. Nitrate—nitrogen(NOs-N) concentration of the groundwater ranged from 0.2 to
289 mg/L, of which 22.2% of the groundwaters exceeded the criteria of drinking
water, 10mg/L. By the water types the distribution of NOs-N varied from 0.3 to
15.3 mg/L in the type of Ca(Mg)-HCOs, 139 to 289 mg/L in the type of Ca-SO;
0.2 to 3.0mg/L in the type of Na-HCOs; and 5.5 to 153 mg/L in the type of Na-Cl.

9. Na and K concentrations of the groundwater around the dense livestock
facilities tended to increase after the rainy season. Before the season the
concentrations of Ca, Mg, Na and K showed 88, 105, 84 and 4.1mg/L, on
average, respectively, but after the season showed 7.7, 9.1, 151 and 4.8 mg/L.
This tendency with Ca and Mg lowered and Na and K arisen after rainy season
was estimated to be from the leaching of run—off water flown from the upward,
because the Na and K are contained in the livestock waste.

10. §"N values of 44 groundwater samples showed that 10 samples of 12%
were affected by the livestock and sewage, and 21 samples of 8%, by the chemical
fertilizer, which was consistent with the surrounding land use. In addition, 13
samples of 12~8%, showed different values according to the sampling period.
However, the groundwater contamination of HS9, HD13 and HD14 within the area
of dense livestock facilities were highly contributed by 91.0%, 83.5%, 92.5%,
respectively, with livestock or sewage.

11. The distribution features of microbes showed that the groundwaters of
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Ca(Mg)-HCO; type were subject to the contamination of fecal coli form, 15
samples(39.4%) of 38, on the other hand, no microbes were observed in the type
of Na-HCOs;, which means the more easily affected from the surface the more
vulnerable the microbe contamination of the groundwater.

12. From the result of separation and identification for the coliform, the microbes
derived from the livestock and sewage were separated with Escherichia coli 26.3%,
Citrobacter spp. 15.8%, Enterobacter spp. 14.5% and Klebsiella pneumoniae 10.5%,
on the other hand, from the soill with Seratia spp. Aeromonas hydrophila
Pseudomonas aeruginosa 3.5~5.2%, This suggested that most microbes could be

derived from the surrounding livestock facilities.

Conclusively, the densely populated livestock facilities could positively influence
the surrounding soil by increasing the soil fertility of CEC and T-N, but bring the
negative effect of salt accumulation. However, in spite that the groundwater
contaminant loading rate derived from livestock facilities is more than that from
chemical fertilizer, actual groundwater contamination was more influenced by the
chemical fertilizer. which was interpreted that groundwaters were located near the
crop land, but far away from or more upward in the livestock facilities. But the
groundwaters susceptible to the influence of upward run-off water and in the
catchment, even though it is downward, was subject to the influence of dense
populated livestock facilities. In particular, the groundwater vulnerable to the surface
contamination show an evidence of microbe contamination so that further

investigation on the contamination pathway would be required.
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o] F7haTh o[ WAL Tolelasel A Aas fAle] BAo] age] A/ Helw
TR, o] AL AmAe] 2 AU wegtows AxTFUe] F40] Solai

shols] thololaglel A9t tholohErde] Yo 2 ZW Fol §Eole Fahy]
&2 g TS SR Aas +AS wAFe BolthFig 2. AoEE &
Haheoln AN FA2AS o + ov], the B Edd Ad 1§t e

AS & J= S4= 7 v

Fig. 2. Piper diagram of the groundwater.
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I sl wel Ca(Mg)-HCOs Ca-SOsNOs), Na-HCOs, Na-Cle] 47pA = R58
 9Tk7, 8, 15, 26, 27).

ol FolA = Ca®t Mgel &2 Nagl Ko 35 Hlulste] @dA7F $-A8tH Ca
, FAZE $AISHE Nag o2 dtal £0]&2 HCOs9 COs Cl, SOs2 #3 vl
gt AA7E SAlSHH HCOsE, $A7F A8 Cld oz Aetrh CaMg)-HCOs
He bt wkgol o R uEhH, AR kARMASE Na-HCO; F3 o= Ht
7o vepdth =g sFu 2914 23S S A= Na-Cl¥o|UCa-SOiNOs) H
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mg/Lol 7M. S7hE itk Bustith45). Aol e 4849 $-&

A FES 237 0.05%] =33 3oZ2 oKtk Al=e7td e A= 1970

ol Askrs A A7 5 mg/LAd Aol 1980 ol = 20 mg/LE 571k aL(47),

A opAe] Adkr T AMAEA FEE FHAL 0 mg/L7HA HEHATAS). E=3

NE Ade 38d B AWAR BE} Slete 549 Bavw
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=
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she B9t di5Fol tislA SHakeluh Batel o) AEH WMEoleka slAS.
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AR e §E4 F71BAEDOC) FEI Fow, Feol B pHl 42 2ol 4
A9 Bast govl, dnHoR AYASE T 2L Do) ok
Asks Fo BA SONAWE o848 AT} ol WES AT Yv] SRS

617 AFEg ok AAA(400 kg N/ha/yr)ol thsir] EFEHS Al
€ HY Zo] ImolA 41 mg/LRE ZEAALTEE Zol7t zlojHo
35me] AaHFw FLoll Az 4 mg/Lrh olwl §PNA= #2204 +89% % 3o
a1, go] dolyts 7heAdo] A A EAL ITk33). DOCEE7E & 874 stelAe= At
BALTE FRUod AR dduold 5= qlo] |3tk HA4k ghelo] ofef ¢tEyobAy
A (Dissimilatory Nitrate Reduction to Ammonium <& DNRA)o|gtal &E&]a1 Qlth
Bulger 5612 #H7|Exe)#4g 7|90 g+ A ALFTE7F 22(20~25 me/L) A
gt DOCEE7F %31(31~20 mg/L), $H4Ql deje] Alskret =gk 874 sl A
+ DNRA &3] Aiddas A9 RYod AR sttt B g3l

N

o A4 FRFHA (N

Ao UNg PN 271A 9] kA E A7 EAeta d7] Sl EAu =
99.635%%F 0.365% = 7o dAHA FAET. dAhFgade] Tl we F 7
Al B FEAA Y] AR AL dABS WA HeEele AES 7HH L 7] "l
o] AL olgstel Ao Ax THAL FAT F e Pl Ax HAE

FIA B o] TH56).
Az eAAuls sPNE FdHAAL sONAE dWdEAL HFE AN
= W7o dM dEe=R vERls Aol o A(Del whe) AbE ez,

SN (%) = {(Ryz/Ry-) — 1) x 1000-——————————————— 1)
R = "N/N, Ry~ : 3.663x10° (= 0.365% =+ 99.635%)

o] §PNR&= 4 -8~2%, U E -7.4~6.8%, 71EEx 10~22%, 35
T 8~15% & #*OoE HILEOJA AL QlaL(76, 84, 85), °|AE o]&sto] A8t
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Fig. 3. GIS map of the study area showing the zones of pollutant.
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Table 1. Boundary of Hallim area

Longitude Latitude
o Name of ) o Name of )
Limit ) Longitude Limit ] Latitude
village village
East Geumak  126°57 " 0”7 South Wolrim  31°18 " 16~
West Wolryeong 126°10 " 19 ” North Gwideok  34°0 " 28”7

FHFAYG S ST o R ARAFTA A X6ty sEo R fdG, H
MEOoZE F4HW, dFde yddd ot o HXRorE= AFHF A A
A= AT AEFAG] A& T4 A Y] tH(Table 1).

FAA G F Q= 20083 A 199122 2170 vEE ol e
M, W 9l2kwez AF FHAY 49%E AL T AHojt) s

200me] st A9 R FUiFSL 2 okAF/E BOW, 1 9% 2o

BA = AA ] 335%¢%! 306k =M T8 2

L@l 100~200mel FAHA el A9

slo] FAFIFORE AFA THS 5
9] 31°22 7307, B4 126°17 30" & 499 FHo=z 3 3tHo] gt}

% )

(EL152m)¥ §35 o2+ 725 (EL4ATmM)A olojx&= kst F3A7F &
Azoz Far F94A8 oleth 44 H4 Ad: FAGEF AXIA
HlE7b7hA B50melth eld & XS AAE st gAHe ANom WA 2

sgol glov a4ws AAE s GUAE vhasbA ol

e
2
i)
2

°
o
H
oM,
Ho
ol
ox
o
fr
rr
A

Ade del AE FOBELAMES Pow AZom: Wod

ke
’

mlm

)
N
g
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Table 2. Postion of persons, farmland area, and main crops by village in

Hallim area

Area
Site Person Total Farmland Main crops
(ha) (ha)
Gwideok 2148 6475 jopg ~ mandarin, onion, cabbage,
’ : ' soybean
ion, cabbage,
Suwon 1,119 672 g4 g "
floriculture
Hansu 739 12.8 6.1 cabbage
Daer 1484 2119 9341 mandarin, onion, cabbage
aerim , ) . _
garlic
Halli 5795 208.7 1923 onion, garlic, mandarin,
im , | )
cabbage
swine, darin,
Koo 280 394 306 i
cash crops
Sangdae 287 1,037.6 5059  mandarin, cabbage
garlic
Dongmyeong 893 3628 9524 mandarin, onion, cabbage
garlic
Myeongwol 755 5399 3154  mandarin, cabbage
garlic, swine
Sangmyeong 483 518.2 233.9 mapdarm, barley
swine
Wolrim 386 4301 o049  mandarin, barley
swine
Geumak 1,218 2,869.2 411.4 cabbage,barley
Ongpo 1,601 121.1 66.4 onion, soybean
) mandarin, barley,
Hyeopjae 905 704.9 206.6
mushroom
Geumneung 1,222 5277 187.9 -
Wolryeong 402 300.1 97.8  cactus, garlic
Biyang 155 59.2 7 cabbage
Jeju statistical year book (2007) (57)
- 18 -
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Y. AT7AGY 8B Ed 22X
AFAGe] 2007dEE VEoR 3 AFEALL A7) B2 2F 9%, 35
1A%, 4% 37704, 5% 624702008, S AFuEALL 55 472, 4
T Moy, AYAEAERE FAETHE 134, FAETEE 10702, AIARRAA
o_:]'

o]t}(Table 3, Fig. 3).

Table 3. Status of environmental facilities in Hallim area

Facility name Number of facility Type number
Marine products 10 # 1
processing 5 9
Livestock breeding 13 4 1
processing 5 12
Car washing 5 5 =

4 1
Others 19

5 18

4 3
Total 47

5 44

2

il

Table 4= AFA 9] A=A g vyt glolH, AF dA & #A= 7z
7y 24,8465 9F 4251525 = Aol HS| A S ARSFTFIE Bkal, FEAGL =
Aok vlas] & w A= 237%<1 7111703, HAE 45.2%20 192,28
g2 9rn go] ASHa dth o]+ Fig. 39 GIS mapFoA®E & + A=
o]l Tt Ao Hla] 7tEAIE 9 AR T AR E g

w2 9 SABHE wEANA A 27 EE A ExAgAlE 3

S
n
b
h

B, f71AN R AEAA 270, ANV EAL a7 glew, TR R A
S grie] WMARE AFAY FEFHNA £IT e AFERTE

AEA A g AAsA Aol Ao TSIk B R oSl #F W

Fo WE AEEuAANFIE o2 WEHR i, AuEE ABEH D 9
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= Aol

Table 4. Status of livestock in Hallim area.
(Unit : head)

Cattle
Area Pig Poultry Horse Goat Deer
Total Cattle Milk

Jejudo 29,973 24846 5127 425152 1,110,090 16,764 1,819 1,043
Jejushi 19,074 14,352 4,722 280,600 987,980 11,380 1,427 711

Hallim 7,111 3,423 3,688 192,280 586,200 1,455 50 23

Aol B AGH 54S sefsr] g egde WMEPE 2
4HF 2 stefalr] A% BPAR 2 SRS FASke] GIS EFES 44
shelch.

|

AYwe A% FEANGRAY FAAE ol &ste] z171e olojHz
THAGoM, AR HolEHol At 2007 AFE EAGDE olgae v
e A% ARE o §FATh T o@Nd AV BANENY 5
e AR ARE ool TEAFL.
Rohg e FAFF NEAAG SANS S ANS ARA, FAA, A

PAZ o] F= 7 9] Aeddd BEAAR ofFof v ddoRr T35l

ol
ofl
>
18
2
2
X
ol
=
rir
ro
-
=
(3
ox
(o
L
(¢
i
jind
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Table 5. Unit loading coefficients for generated contamination loadings

Category T-N T-P Unit
city 10.5 1.2 g/person + day
Life

non-—city 13.2 15 g/person - day

cattle 116.8 36.1 g/head -+ day

dairy 161.8 5.6 g/head - day
Livestock  pig 27.7 12.2 g/head - day

poultry 1.1 0.4 g/head - day

horse 77.6 24.0 g/head - day

upland 9.44 0.24 kg/kr - day

paddy 6.56 0.61 kg/k' + day

orchard 9.44 0.24 kg/kn' - day
Farmland

pasture 5.37 1.72 kg/ki - day

residential 13.69 2.1 kg/kr - day

forest iy 0.14 kg/kit + day

2. E &
EDEE

EdN RS FHAGW 5 5 4 AFEE 907 Al e A5 A8

H(Fig. 4)
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ANBR P ESsstREA A (59)] 9sle] 715 (OM, organic matter), &
A2 (TKN, total kjeldahl nitrogen), F+&<2HP05), ZH(K), do]x3&%F
(CEC, cation exchange capability), Y E & 21| (SAR, sodium adsorption ratio)

g =439

X nf:“';? %
L asSs
Ao

TV o
o i=r Y
NP [ \
el
) hluse01
CLASS
Residential
[ ] Cropland

Wandarin crchards
[ Green field

B Forest

Greenhouse
Ultivated land

B Riverbed / Resenoir
Bl Foad

Fig. 4. Soil sampling locations in Hallim area.
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N

pHE A 85=2 88 Alxs T 45 E FHsto pH meter(Orion 520 A+,
Thermo Orion, USA)® Z=A3lgow, EHH A5E o]&3te] TKN (total
kjeldahl nitrogen)< Z=AAE 1gS Kjeldahl flaskol] ¥l 34t £ &5 1g
I FAE 26mLes ¥ o WE 2 2% SARE ) 10mL S el °F 75mL
2FE Bray No. 1oz &3 & UV (Agilent 8453, Hewlett Packard, USA)=
& HNO3H:SOM o2 FA 73 & 5A o 74X

ﬂ
Do
(@)
=
s
=2
X
NI
o
ol
o
22
o
a
o2
=
ro

g olgstel FHFE oWNW F Sml  EHEGR A o
ICP-OES(Vista—pro, Varian)AF-&3}o] #4181
Fole A3 F(CEC)S IN-NHOAc (pH 7008 o2 EYAEE T4

[¢]

)

o

2184 NHy 2 28A17]132 9] 24 ammoniume 80% o g = Al = st

riet

NH, EZ3lEYS Kjeldahl =74 & NH, S AH AZFsle] CECE 2=
=
T3 YEFEAH(SAR)E Na, Ca 2@ Mg o] &zkS o] &3] ofgel & A

AR (DS A8k Atsksd

SAR = Na / {(Ca + Mg)/2}"% —————————— (1)

7h AR AH AA

AF AFA Gl AA 7 A Ao sfietrt & S/HA(YWI~YWH)9F &3
A T4 T IMA(YWE~YW)E AAstA o, &4+ 73]( 20089 : 6
2, 79, 99, 109, 20094 : 49, 69, 99)dl AH F 5671 AFEh

Ass Lgelng stekshy] A FEE B 2 AREuge APl
At 4 3320089 109, 20099 69, 99l AA F 807 AFsrATt

(Table 6, Fig. 5).
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Table 6. The coordinates of the study area

Well ID X code Y code Area Inlgfaﬁ?aggn Algg;de d eg}??m) Use
D-230 HGI 135820 33997 Geumak 1993/8/25 295 320 DW
F-239 HG2 135232 36027 Geumak 2002/10/5 238 250 AW
F-368 HG3 134449 36263 Geumak 2000/6/1 212 220 AW
F-244 HG4 133647 35187 Geumak 2000/2/28 192 228 AW
F-315 HM5 133306 35913 Myeongwol 2000/6/1 180 220 AW
D-033 HD6 133250 37741 Dongmyeong  1993/8/25 123 154 AW
F-317 HN7 131005 35226 Geumneung 2000/6/1 114 160 AW
F-028 HS8 135240 40147 Sangdae 1993/8/25 110 130 AW
F-137 HS9 133794 39178 Sangdae 2000/2/28 106 130 AW
F-135 HRIO 129640 33981 Wolrim 2000/2/28 85 105 AW
GAMOI HNI11 130305 34341 Geumneung  2004/1/19 81 165 DW "
F-068 HS12 134992 40792 Sangdae 1995/9/28 80 100 AW
F-246 HD13 132082 38745 Dongmyeong  2000/2/28 80 100 AW
F-314 HD14 132513 39007 Dongmyeong 2000/6/1 74 100 AW
S-004 HS15 132651 39281 Sangdae 2000/6/1 69 95 AW
F-458 HS16 133447 40059 Sangdae 2004/2/26 62 90 AW
F-128 HGI7 134494 41728 Gwideok 1999/2/19 57 92 AW
F-481 HNI8 129439 36025 Geumneung  2005/12/27 56 106 AW
F-046 HGI19 133515 43150 Gwideok 1993/8/25 39 70 AW
CS01  HN20 128765 36789 Geumneung  1993/8/25 37 100 DW
F-059 HG21 134141 43043 Gwideok 1993/8/25 37 70 AW
F-090 HG22 133270 42991 Gwideok 1996/8/27 31 70 AW
D-128 HH23 130254 38890 Hyeopjae 1993/8/25 24 82 AW
W-022 HW24 127310 36531 Wolryeong  1993/8/25 19 34 AW
DS01  HA25 131829 41525 Daerim 1993/8/25 11 15 W
CHO1 HL26 131432 41403 Hallim 1993/8/25 2 46 DW
JEILO1 HL27 131192 41031 Hallim 1993/8/25 1 26 LW

* Drinking water,

% Agricultural water, *** Domestic water, **+* Industrial water

Collection @ jeju
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Fig. 5. Study area showing the location of wells sampled

analysis

G AsE R §A5 SR B

WAl e FASYS stets] 98 QR pH

electrical conductivity), F8E31 8 EZ(TDS, total dissolved solid)¢} o]>4 =

ZA(K, Na, Mg, Ca, Cl, SOs4, NOs-N, NH3-N, Br)& =433 th.

Sampling site

@® Groundwater
Hallim area

Land use

B Fesidential

[ ] Cropland

Mandarin orchards
] Green field

Bl Forest
Greenhouse
Cultivated land
I Riverbed / Reservoir
Il Foad

77 Landiil
[ Cngpo watershed

for the groundwater
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3 3 Ao, & qES "WitH polyethylene® ol xj3ste] ¢k 10T A
B2 {4 (Ice box)st] HFA= Eukate] YR ASHA FA 53T

pH =4 7] (Accumet 1003, Fisher Scientific, USA)e} EC =7 7](Conductivity
meter, Orion 120, USA)Z pH, 7| A E=Z(EC)E SA 333, HCOs g2 Al

5 100mLE v Ao Heta dHExddded 4~59eS Yol WX =1
g Aol glojAal e wizhA] 0.02N FASIUEF fdo s A3} o] 4]
B AEE 045m WEHIDE(MFS-25, Advantec)® o] 33 & o] A 2w}

123 (Dionex ICS 3000, USA)= A st om, ol AH(ASRS Ultra O
4mm) ¥} ol AF(CSRS 3000, 4mm)-S AR&-ste] 7] &% (Conductivity) 2
= FATH60).

SAE Ao BAAHZE SPSS(2004)E ©l83te 7B AF o] & 21t
FAAE EA AT

o AN FAAN (6° N)RA

Azt E A (6° N)EH L 3728 #318dFA(PINSTECH, Pakistian
Institute of Nuclear Science)ollA] AEFUA AL A HFEY 7| (Finnigan
Delta-plus)E ©]-&3te] &4 o v 22 IAAHAES AN vhgol &
21813

WA AlgE g ARe] dog 9 15mgol HES IL THE~I 21
SHTE °F 600mL7F Hx=E AT v Kjeldahl® ol ¢stod Absimb1v+
(MgO) °F 3g& il Tt dRYopd s AAGL HETgdaE 3g
< 7Fste] 0.IN-HzSOs 10mLE ¥ % 300mL H|o|AE F7|=3te T/HEE
7} 5~7mL/min7} ¥ %% 3}o] oF 300mL 2 uwj7}A] FFAIZH ok

HAE davtaeE No AAZA A o EfRFAE AAA et Az
e o AdFEAAE ol &t AT

At TH3, 14, 39).

b

o = e I~ =
= A T =53 AAavtaE

299} 28(N® N'/N" N'")& vlwale] A EAn =S

J[N'
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. 3 E4EH

dtold tholota oA Asto] FAFHES FE FolR F Fol2] A
FF =l ek Ca(Mg)-HCOs, Ca-SO4(NOs), Na-HCOs, Na-Cl9] 47FA| & 2573}
of EASATHT, 8, 15, 26, 27).

Fol2 FolMe Caot Mgol &3 Naot Ko & wlaste] a7 A8t Ca
g 327} $-AEE Nag o & sl 2022 HCOs9F COs3rat Cl, SO, &3 wla
sto] Az SAIEEH HCOsd, A7 $AI8H Cldez Aeir) Ca(Mg)-HCOs
2 b bS] Saf F= yEhue, AR AN S Na-HCO; 322 vt
Hol vepdtt Eg st 1914 ods W A= Na-Clg el Ca-SO4(NOs)
Fo 2 Yehdth

oAHE ZALs7] f18ke] 2009 7€ 10¥ 23]e A
A ZAHA 270 Bl W A RS AFEte] AR 100mLo] FEHAA 1mLy
i F 79 FEEETEE SHSALh BEY BEE LIS TAHeE &%
Zgt~=o] ¥ 0.01, 0.02, 0.04, 0.08 mg/LE ZAste] Al As, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb, Zn 117] &&5& A8se ICP-OES(Vista-pro, Varian)& A}-&
atol #2435 HH60).

Aeas FE AFEE ol gael A4 F ANBAL 757 914 e box

o ¥ ALz Twes S B4c= S dFew §Y, A 2443hS
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WA (FEFFHAA )L NG A 55 X (PCA, plate count
agar)ol =% HIHo® HEslo] 35ToAl 48A1%F v & Akt WA+
ZAstg o Al Alm 50mLS 335t m-Endo LES

=
of HZF& tha, 35Tl A 4841 vl et L

=4

ol
1P

>~

£
)
o
R
rlr
Y
rlo

>

o
EgHAlo wix 9ol SHFe e HEHHAE AXZ F g7 dF A
A7b & HdsA 45202CTE FA2 F A= AEH|F7]o ¥l 24+2hr Hl
F F el A MRE e S FJeo] 20~807 AVIE=E ko] Agd)
A TH60).

f

|t

[e)
Hes dde

fd

ol ek FHAFAA 5548 BES UEUE

Hd 57 HF7HA A2 A EMB sdu Aol HAx HF
Y Ao Al gatel st sttt EMB g vl #] of A
54 A9 Hol= A2 API 20E kit (bioMerieux, France)ES A}-&3lo] &
Aot o, 4S5 (% id)o] 90%eld] dFs A™atda, 90% "d A5

(unidentified) & 2 3F5=3} A T},

=)
off
2,
o
o)
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Table 7. Composition of m-FC agar

Component Composition (g)
Tryptose 10.0
Proteose peptone or polypepton 5.0
Yeast extract 3.0
NaCl 5.0
Lactose 12.5
Bile salts 15
Aniline blue 0.1
Agar 15.0
- 29 -
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W A AR S S 2007 Al

= =
T =70

=

of dtflE ke & A E5= A AT (Table 8, 9).

ARDERGENE o]&3t

Table 8. Construction of the structural system of the environmental pollution

in Jeju (2007)

Category Value Unit
Life population 558,496 persons
Cattle 24,846 head
Milk 5,127 head
Livestock Swine 425,152 head
Poultry 1,110,090 head
Horse 16,764 head
Upland field 36,840.7 ha
Paddy 791.4 ha
Cropland Orchard 16,514.3 ha
Pasture 17,068.7 ha
Residential 5171.6 ha
Forest 90,407.8 ha
Sanitary landfill 776.6 m”/day
Manure treatment 82,033.6 m*/day
Industry Sewage treatment 120,465.0 mg/day
Sanitary treatment 762.3 m’/day
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Table 9. Structural loading of nitrogen occurred in Jeju

Amount loaded contamination

Category (ton-N/year)
Life Population 2,690.8
Total 6,581.0
Cattle 1,059.2
. Milk 302.8
Hivestock g ine 4,285
Poultry 4457
Horse 474.8
Total 3,176.2
Upland field 1,269.4
Paddy 189
Cropland Orchard 56.9
Pasture 334.6
Residential 258.4
Forest 726.0
Total 371.6
Sanitary landfill 367.8
Industry Manure treatment 14
Sewage treatment 0.8
Sanitary treatment 1.6
Total 12,820

BEA ] A2 ARG FS AFAS AG7F 95d 52kl ol 061 54Rt

2 7k ghell 2502 ton-N/yroll A 7.6%<7HsE 2,691 ton-N/yre =

ooz dok, H4 35 oz FaFgo] A, AR
245 ton-P/yro. & Ex=x<oo] 107 ton-Plyr, QoF, thx], d-o =2 AAY
2 o},

- 31 -
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ton-N/yre] a2 Q-3 & o] 2.9 ton-P/yro] A th.
kA AFA S AAZ B AR RS 12,820 ton/yearo] AL, Q1HHAYE
3ol 3,190 ton/yearC & At EQom olg)d A¥E Yun S(61)d o8 *
ARk SEvEr F HY "BAE 1,442,254 ton/year?] 0.9%el @B EE lolth %
& AFEHEAAE(13)ANA  FARE AFASY ALTAREF 13,067
ton/year® Ot = B4 A U ES
H 530 e dadAys S Fig. 69 #o] UEyl
o " A A 19949 % 187,527 F ol A 2006 =l = 23W) S 7bgH
4251527 R0 &£ A5+ 33,171 F A A 2484672 238 TAATE B
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Fig. 7. The amount of loaded contaminant (ALC) of total nitrogen and

total phosphorus in Jeju.
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Table 10. Construction of the structural

pollution in Hallim area
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system of the environmental

Category Value Unit
Life Population 19,812 persons
Cattle 3,423 head
Milk 3,688 head
Livestock Swine 192,280 head
Poultry 586,200 head
Horse 1,455 head
Upland field 3,098.7 ha
Paddy 22.3 ha
Orchard 470.0 ha
Cropland Pasture 1,193.1 ha
Residential 292.2 ha
Forest 2,974.0 ha
Sanitary landfill 35.0 m"/day
Industry Manure treatment 37,727.0 mg/day
Sanitary treatment plant 32,340.0 mg/day
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AA AA-ol WrARE S 27 2881 ton-N/yr= =449 22%E %A 8}

L F e Ade S, sAAL, A, Abg Aol

Table 11. Structural loading of nitrogen occurred in Hallim area

Amount loaded contamination

Category (ton-N/year)
Life 95.5
Total 2,984.3
Cattle 1459
Milk 217.8
LEPSRE™ Swine 1,944.0
Poultry 235.4
Horse 41.2
Total 184.0
Upland field 1054
Paddy 05
Cropland Orchard 16.2
Pasture 234
Building site 14.6
Forest 239
Total 174
Sanitary landfill 16.6

Industry

Manure treatment 0.6
Sanitary treatment plant 0.2
Total 2,831
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Fig. 9. Spatial distribution of amount loaded contaminant depending

on livestock and chemical fertilizer in Hallim area.
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Fig. 10. Spatial distribution of amount loaded contaminant

depending on sewage and natural soil in Hallim area.
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At A S = 7 A AL YAFSFS Table 129 3Fo] AEsjrd
hEE Al ofgk FAMAl 2584 ton/yrel A A A& 10%S A -85t
258 ton/yrolal, s}eH] gl 9o]st FA| A= 566 ton/yroll A Alv]el o]k QPR
of i3 A Eo]8&S At 40%S A& 226 ton/yr2 YERGT A S
o 2t A= 92 ton/yrol A AELAAEL 7eksto] 40%S A8 18 ton/yr
olal, AFAE S o)k EX A= 15 ton/yroll Al 05%S A E3te] 0.1 ton/yro=
A E AT Aol dEgdS = 5 v AR FL F 502 ton/fyrolH, EY

on FFE Aawo AsFd 9L WAL AL AFFmsh et ndn
PN

FHow pgond Aol Autla & o AeHow nHdo A%
dre Ae FAFA

Table 12. Estimation of nitrogen loading on the groundwater

Nitrogen

Nitrogen loading  Application rate loading of
occurs (ton/yr) (%) groundwater

(ton/yr)
Livestock 2,084 10 258
Chemical fertilizer 566 40 226
Sewage 92 40 18
Natural soil 14 05 0.1
Total 3,256 16.4 502
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Table 13. Chemical characteristics of soils

OM*

TKN™

P205

Cations Exchange (mg/kg)

CEC™

ftem pH (%)  (mg/kg) (mg/kg) (cmol/kg) SAR™
Ca K Mg a

Orchard 0.6 6.7 3,100 603.5 110.3 26.9 21.3 4.8 12.5 0.12
Cropland e 6.3 3,100 417.2 128.7 60.0 26.0 4.0 13.2 0.09
Horse ranch 0.6 9.7 4,400 23.0 50.3 33.3 20.0 6.2 11.9 0.19
Pasture 5.7 12.8 7,300 94.9 107.9 514 36.1 7.6 18.2 0.17
Feed crops 5.6 10.5 5,400 140.0 106.9 53.1 35.8 6.7 16.3 0.16
Forest 5.6 8.0 3,000 7.4 120.9 154 37.5 6.9 12.3 0.14
Grass land 5.6 10.8 5,800 43.7 387.2 41.7 26.9 6.0 13.6 0.15
Avr. 5.7 84 4,300 289.3 110.9 50.3 27.7 53 14.1 0.13

* OM : organic matter,

™ TKN : total Kjeldahl nitrogen, = CEC : cation exchange capability,

"SAR : sodium adsorption ratio

Collection @ jeju
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Fig. 12. Spatial distribution of total Kjeldahl nitrogen(TKN) in soils.
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Fig. 14. Spatial distribution of sodium adsorption ratio (SAR) in soils
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Fig. 15. Soil runoff of livestock area: (a) soil runoff flowing into stream;
(b) soil runoff flowing into waterways; and (c) underground

infiltration by soil runoff in 2009.
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2 Ad) Aom dZHAT weba AuAge] JFom AFA e FFAG
FREET} ROl A9 BY §E5 FolEE 9Bl A oo
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Na-Cl&gol|l 3t YW1, YW2, YW3, YW4o|t}. o523 Hrn 42 gk

= AdAoR f A e AdFRA dAebA o R gbrbe] $% g

o3 Azt slebtel S1AetE g5 1
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Table 14. Predicted contribution of each source to NOs3-N concentration

using §°N and NOs;-N at each sampling site of the springwater

Livestock wastes

mah) 0N 00 g & domestic N !
YW1 9.75 6.55 59.0 36.9 4.1
YW2 12.75 6.78 58.3 38.6 3.1
YW3 12.15 714 554 41.3 3.3
YW4 13.50 11.77 21.2 75.9 3.0
YW5 14.75 7.85 50.7 46.6 2t
YW6 12.50 10.08 33.6 63.2 3.2

stethlg FHlE FAHE A9 415~58%0, ZIsvx Fd=E FAHE A4

7.75~9.60% ¥t vha E=dTh
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4 ARS FASA

7t AR AE =
A 270 At s S E 20089 10€ 55 2009 9L 7] 3}

AA & 807 FAANRE Agste] A9 g BEAXol&¥ AN HAdAFEE WIS
=4% A= Table 15 2 163} 2t}

FUA o] AN LFEE 017~2895mg/L=A HT 691 mg/Leli #
=

>

=A712(100 mg/L)S 2Fe= Aa4-uAae 2 80/ ARE 048 A =
P 3149 25%¢9 Ao = e Az By A, Hd e gz
0.32 mg/L, 145 mg/L, 150 mg/Le= mj% w2 & B, 49, 49, 914
o] z+7} 2323 mg/L, 16.67 mg/L, 10.00 mg/L= H] 4 =9t}

Table 15. Statistical summary of nitrate (NOs—N) depending on area

Area Mean SD Min. Med. Max. o 2f
sample

Geumak Il 48 0.72 0.25 1.30 2.62 12
Sangdae o’ 2.70 0.85 2.79 8.37 15
Myeongwol 1.50 0.44 1.21 1.30 2.00 3
Wolrim 16.67 1.66 15.18 16.37 18.45 3
Wolryeong 23.23 7.38 14.90 25.83 28.95 3
Dongmyeong 9.14 2.42 6.15 8.22 12.70 9
Hyeopjae 0.32 0.13 0.17 0.38 0.40 3
Hallim 11.73 4.80 5.55 14.15 15.72 6
Geumneung 5.63 3.53 0.65 5.65 10.47 11
Daerim 6.59 3.71 2.32 8.65 8.82 3
Gwideok 10.00 5.52 5.71 6.59 17.98 12
Total 6.91 6.16 0.17 6.04 28.95 80
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Table 16. Statistical summary of nitrate (NOs3-N) depending on land use

Land use Mean SD Min Med. Max No. of
sample
Cropland 8.27 7.29 0.25 6.13 28.85 33
Orchard 5.86 5.12 0.65 9.93 18.45 24
Residential 10.02 4.94 832 8.82 15.72 9
Green field 2.87 3.80 0.17 L@ 10.47 11
Forest 72 0.64 5.11 5.65 6.39 3
Total 6.91 6.16 0.17 6.04 2.0 30
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Fig. 20. Spatial distribution of water types in the groundwater
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A AL TEE FEAFIE CaMg)-HCOu(EEH 53 Ao 03~15.3
mg/L, 52| Ca-SOs(NO3)9l M= 139~289 mg/L, Na-HCOs01 4= 02~3.0 mg/L,
a7t Na-ClE 4ol 55~157 mg/LE Hehhich

o]y 3 Ay FHAAHY 4L F2 Na-HCO; F3olH, dF-AHAM =
Mg-HCO3, Ca(Mg)-HCOs % ol UEdth= Jeong 5(2003)9 Hireh o3

Atk ol FPdL Aee) fF H2E wE AZ g2 X EetE g
g Aow AROHEHL FY Tol At FHA dFE vAL ASS
A ALGETE,

ek FAFE ofs] FAAA eAdel TS WS F A= HAFAEF
el 2713 ol 9] 2

A al
2 wdste] a5d A5 dal vad 2ark it

Ztzlolo] W& Aot Fd SA4S HotE 7] #8ke] 50me] st
= HHEAE4(Shallow groundwater), 50~100m= 5 7HA &}5=(Intermediate
groundwater) 12]31 100m°]dE A=A 85 (Deep groundwater) 37FA| 2 &

sko] Fig. 213 Fig. 224 YERW T
obgbE] 45K, Na)ol BFsE 5% T 4 - a1ek s By ARz 7+
TE fdadte FES Bl Ko sRHee AFA st 34~40 mg/L, &
A 8= 44~66 me/L, AF-Ast4E 34~67 mg/LE Ho ARz 2442 K
o] w7t Fasta AARE HFA st} FHA s Kekes A9 ¢
= UehlY K¢ s&=7F dARAseet SA A A sRE UEl=
- ug 5o WG o) A T K

FU_,
s
2

A &= 13.9~23.0 mg/L, A FA]

+
S} 137~372 mg/LE Ho] ARE 25F Nad ¥571 dastn gk
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d7te] Edd(Mg, CadllA Bis®E 5% 77k A - &t ghs Bnu o
7he] Eado] B IS wol Aym A

o] FERSE AFAsFAA 80~103 mg/L,
=

AFAsEE 101~160 mg/LE Bl ARE de5 Mg v=7F S7ketar Jth
°l== Yun G (7TD¥ Kang (27)°] &7te] Ego] Aw2 A5 Jrtshe o
ol Eelths waleh dA sl

FRAAACL B AF2 255 $E7 2718k A4S ot BawE

FolA 0.07~0.08 mg/L, TZtAstF+= 0.09~0.11 mg/L, HAF-AstF=
014 mg/LE B HE 2 2445 Bre %71 571k itk

S0,8 % WHAE AHFASSTolA 4.08~6.25 mg/L, iHA3+ 6.8~14.3
mg/L, AF-A = 75~195 mg/LE R HAEZ Z5= S0, s=7F 7
stal el AFAskee] sk Hla HFEA e F=F
© Jlo® Hol EYAETF o3 dFs v e AT

FaAe ) 244 edfon AF EA B SlE NOyNg| BE WIS

TAISE LA TS, 8).
ol#13t A3 Lee (86)7F ko] W& AFE A& FAEHATFAN &

i 50moldt A9 3215 mg/L, ®il 50~100m A9 21.15 mg/L 12

100mo] el AH9& 979 mg/Le2 X7} WSR2 Aalo] 29

1 Qi ot ePAoRRH At Bejd5F AHow Files AYS
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dehlel sHiTuel Asrdl A B FEe Aioleo] AEW & duke n
ssb §A4E ATE B
2, o] A EI AFAEA
Ask el 2t ARE ol AWANEYLE muste] edANL FHsE
WHG6) o2 Aot 748 T A AA T o2 EL AAAAE EAS A5
= Table 183} 2t}
Table 18. Correlation coefficients among nitrate nitrogen and ion species
NOs-N  Na K Mg Ca F Cl SOy
Na 0.549"
K 0.268"  0.681"
Mg 0.858™ 0.680" 0.478"
Ca 0.667" 0867 0.716" 0.848"
I 0.214° 0479 0.352" 0.245° 0437
Cl 0.643" 0948 0.691" 0.766" 09107 0.461°
SO, 0773 08747 0595 0.841* 0.900** 0.429™ 0.898"
NH; 0215° 0.100 0194 0258° 0.212° 0.2967 0.117 0.123
Sample n=90, * 0.05, *x 0.01
A g d el =2 AAAFS 2t B2 Cadt Mgela, 1 F3As= 2+
0.667¥ 0.858% =9 oA (P<0.01)E 7FA L gt}
Eg Cadt Mge AAMES FHR Bl Atole] WAL mw 7}z
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0.900, 0.841% A :=9 Fo]4d(P<0.01)°] AATHSPSS 2004). o] A Heol A}
48 HEE 2avas giuo] EdY EsE BAY SHow Za, vy
ol FAEY nEAII gFew FxHo AN AAse Zg, viavls, &

Aol e zhe] Ee Aol Qi Ao moh AMgALe] Jge Aruuz

of. Fol 2 vFEE AT

2009 64+t 9ol A Astgr T o2 wATE o
A% Table 190 vhepwich

Fol2AEA Ca, K, Mg, Na®l 254 69l= 22 " 8835 me/L, 4110

mg/L, 10.494 mg/L, 8.359 mg/LoZE Mg>Ca>Na>Kso 2 YErton 7935

rol

FEE 7S

o 1 =

£

9l 99ell+= 7.708 mg/L, 4.812 mg/L, 9.108 mg/L, 15.102 mg/L%E Na>Mg>Ca>K
O 2 Naol2o] 6¥o #la] =A ey

Table 19. Technical statistics quantity of groundwater cations in Hallim area

Min. Max. Mean SD
Major ions
mg/L (n=54)

Ca 3.78 24.62 8.83 5.20
June K 241 11.13 4.11 1.72
2009 g 5.46 17.81 10.49 4.22

Na 3.65 22.02 8.36 4.48

Ca 453 9.24 771 1.47
Sept. K 261 13.38 4.81 2.03
2009 g 4.49 14.90 9.11 3.67

Na 7.15 37.18 15.10 6.68
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o

S219o] JFL F= FFol2OoFAE Ca’, Mg, HCOs, Na’', SO4
ol Folgt B F dud Y Asre] HAE B Ca 173 mg/L, Mg
4.6 mg/L, HCO; 664 mg/L, Na' 12,7 mg/L, SO, 167 mg/LA =01, E%2
TFFY ol2FEE 1/10 AR sl 108 o] s=stA A WHEE
o] Attty Hi(77)stHom & A Ado] nls| Cacl ¥il Na2 LWgkth
Uchida(78)°l ©J&t¥ =3 At Astx AFEHHA AL &% o F
ol oA FHo] Wsket 1 Wk wake dAg I
F71 5 BAHE A7z s AT e #
EF¥o A Fo] o3 Aet+7F Na-HCO;E o2 =
adss 2 A gkE oA il YEFO] St B

T
=y
olelgh A}

=

e
2 8 o 9o YEFo|Zo] =/ Yeues 3 mtds, e
@ g

Table 20. Technical statistics quantity of toxic metal of soil

Toxic metals Min. Max. Mean SD
mg/kg (n=14)

Co 0.000 1.905 0.704 0.76
As 0.050 0.160 0.111 0.04
Cd 0.019 0.049 0.031 0.01
Cr 0.030 0.340 0.149 0.10

2009 Cu 0.160 2.300 0.848 0.83
Mn 5.620 171.025 49.081 55.70
Pb 0.150 1.015 0.381 0.30
Zn 1.010 13.450 5.164 4.40
Ni 0.280 3.160 1.354 0.97
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Table 21.

Technical statistics quantity of toxic metal of the groundwater

) Min. Max. Mean SD
Toxic metals
wg/L (n=54)
Co 2.7 74.6 12.7 13.6
As 0.0 5.8 15 1.6
Cd 0.0 0.3 0.1 0.1
Cr 0.0 54 o d | 0.8
June
u 0.0 7.1 25 1.6
2009
Fe 0.0 29.1 6.5 77
Mn 0.0 09 04 0.3
Pb 0.0 3.6 1.3 09
/n 0.0 397.3 066.7 1004
Co 0.0 1.1 0.6 0.3
As 0.0 38.0 6.2 9.0
Cd 0.4 0.6 05 0.0
Cr 0.8 47 2.0 0.8
Sept.  Cu 0.0 21.5 5.9 5.1
2009 Fe 8.1 455 12.0 7.7
Mn 0.0 3.6 0.3 0.7
Pb 0.2 4.0 2.2 0.9
Ni 0.0 6.1 14 14
/n 114 415.3 72.6 77.0

Pb, As, Cr, Cd<]
0.111 mg/kg, 0.149 mg/kg, 0.031 mg/kgol™, A|s}tFo A +=

31 pe/L, 01 pg/LOZ EAHAT. v A FF=2
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olgdt ZAy= Kim 5@®1I Jeong S(5),

a5 19 304 AR ae Aa HAEAANE AN eANAe] Fh

, AAAEgo 7 FREFe] 1 7]o] &S Table 2201 YEFWTH

tEEE 7 &o] 247 91.0%, 835%, 925% = Al eyt

oo 92§ At HGL7, HG19, HG21, HG222 7 $-+ 3}8Hn)
zol 9% 7)ol go] 7zt 95.9%, 585%, 59.1%, 58.4%c°]™, ¥ HRIOS
stk g o] 23k 7]o]&o] T58%%E FH EXxolg e} e wAAEA A

R B o7 AHEH= v R Zo] oF 2~3uj7tA 2o B (62, 82)¢9F
Aoy, O1F 302 FEE Aoy A HW24, HA25% 4§ s+ ¢ 7}
ZEwo 93 7)o go] 717 534% 93.6% = FW EXo]& AstS 7hob & uj

oelF A3t AFARAG] Assel vl Ak FYEAANG 245
Axslolge AT Ade] ost@ Akv|de] HFuR] FF& wivhe
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Table 22. Predicted contribution of each source to NOs-N concentration using
6N and NOs-N at each sampling site

Chemical Livestock
Well NO{ng 6 15N e.n.’uca wastes & Natural
Group fertilizers . ]
1D (mg/L) (%) . domestic soil (%)
(%) sewages(%)

HD6 8.22 7.97 477 475 4.9

HS9 7.43 14.72 3.6 91.0 54

HR10 18.45 455 75.8 22.0 2.2

HD13 12.9 12.8 134 83.5 3.1

HD14 6.15 14.93 1.0 92.5 6.5

HS15 4.45 7.7 45.6 454 9.0
Groupl HGI17 16.8 1.84 95.9 1.8 24

HN18 10.29 7.92 49.0 47.1 3.9

HG19 6.26 6.32 58.5 35.1 6.4

HG21 571 6.16 59.1 339 7.0

HG22 6.08 6.3 58.4 35.0 6.6

HL26 15.72 -0.44 975 0.0 2.5

HL27 13.89 7.82 50.7 46.4 2.9

HW?24 25.83 8.76 45.0 53.4 15
Group3

HA?25 8.82 179 1.8 93.6 45
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5. 7hSAIAd ARG nAYELd 54

Zqstged, NATES 2547t d AFFHAANE A% AEHT 9
A GFFToILt BANNFRTA AFE FA ARt B o
= 9159) W 0 gAFYS AW AXE

Table 23. Bacteria identified in groundwater sample (Percent of samples

with detection of specific bacteria)

Groundwater
Bacterium Group 1 Group 2 Group 3
(n=38) (n=12) (n=4)

Escherichia coli 26.3 0 75.0
Citrobacter spp. 15.8 0 50.0
Enterobacter spp. 14.5 0 50.0
Klebsiella pneumoniae 10.5 0 50.0
Seratia spp. 5.2 0 0
Aeromonas hydrophila 35 0 0
Pseudomonas aeruginosa 3.5 0 0
Fecal coliform 39.4 0 75.0

45 1914 A ogatol 3870 Algol Al 157147 HE 5 o] 39.4%= e
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o, thFgdTAA EE FAHI vAES BEW  Escherichia coli 26.3%,
Citrobacter spp. 15.8%, FEnterobacter spp. 14.5%, Klebsiella pneumoniae
105%s=o g2 BEaEda. % il Seratia spp., Aeromonas hydrophila
Pseudomonas aeruginosa 35~5.2%% Y EFSET]

Krapac S(73) FEscherichia coli, Streptococcus fecales, Streptococcus
fecium < 71EE% Alg3oA AwH oz HAEWY  Bacillus, Enterobacter,
Proteus mirablis, Provendencia,  Serratia, Staphylococcus, Klebsiella
pneumoniae 5°| &% HEHATL HisAom, 8me ol IAAE
Bacillus, Klebsiella pneumoniae, Pseudomonas aeruginosa 7} &% %L,
Serratia, Enterobacter= A3tolA ¢k 25% AZHTE H 8 A A3
LHEF T

olH3t AME uiwtow WA (Escherichia col)®l HEAFE AAA A 49

odd 3o foF AELA Bgol Hssta

Lo

e
"
E

Table 242 69 ol AstE Agste] vdES A A 2aQdd a2+ 1
oA =E3E Adig] HS9, %82 HS13, HD14, ¥4
1=

st gl o9 oo FAH.

Table 24. Fecal bacteria enumerated in groundwater samples collected from
monitoring wells at Group 1 and 2, Summer (Concentration in

colonies per 50mL)

Well

Bacterium Group 1 G. 3

HSY9 HS12 HDI3 HD14 HG17 HG19 HG22 HW27 HA25

Fecal colitorm 25 75 5 65 56 32 60 45 26
Total colitorm 34 2 8 71 60 36 67 52 31

E. coli + - + + - - - + -
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gbdel] Table 252 99 7kl AssE Aste] nAEs AAE Ax=
T 1elA ESE Al HS9, $hdl HW27 FrHAavnte] tigto] A=

%]
= 20 EZ3tE ¥ HW24, ti® HA25 27 el A didato]l HAE50o] tha Aol

Table 25. Fecal bacteria enumerated in groundwater samples collected from

monitoring wells at Group 1 and 3, Autumn (Concentration in
colonies per 50mL)

Well
Bacterium

Group 1 Group 3
(CFU/50mL)

HG4 HSS HS12 HGI9 HG21 HG22 HL27 HW24 HAZ25

Fecal coliform 39 14 b 6 72 2 48 2 32

Total colifom 45 20 10 10 80 = 50 2 46

E. coli = i = - T = + + +

4 A
g0
32
o
o3
offt
o
do

2

gt £x2 2 FE3k Al SAC #d Ba(74)
of o)t Hd WHHF LS Citrobacter spp., Enterobacter spp., Escherichia
spp., Klebsiella spp., Pantoea spp., Rahnella spp., Serratia spp.2 2%
Enterobacter spp.7} 48% A& AT X9} B AT M= Escherichia coli,
Citrobacter freundii, Enterobacter cloacae <~°.% T8]% Q3l, Escherichia coli
7F 3370 A= Foll 9= 27%E AA S o] vha Fold Adrt yEui

oledt Ayt= T EA Y o] & &40 o3 Aow Hu AEF AIdE =E

7] el = 7EE R ARRE o8 & 4 A= Fecal Streptococcus® o gk
B

MAEREY ol o]FolAof st ¥ Aol = e EEsAEE T

ol
-

A 2@ Aol oble How itk
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sHrA el 1A% §HTFE Na-Cld o2A a9 d3s Wl 35S YESLt
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Appendix 1. Environment relation exhaust facility present condition inside

Hallim area.

Section Facility name Site Present state

' ‘ Em'fi'ronn.lept Wolrim san are?IZO,SOOmZ
Waste disposal site facility civil a1 - period:2015
official i - treatment ‘recycle

Construction Myeong wol ¥ treatment plan

Construction waste
waste - waste—asphalt 200t/day

disposal site disposal site 2514 - waste—concrete 200t/day
Livestock Salodae | capacity:100t/day
recycle plant 730 (compost 30ton, liquid manure
(Nonghyeop) 70ton)
Livestock Livestock Geurmnak
excretions treatment 05516 — capacity :100t/day
plant
sanitary Geumak capacity:40m’/day
treatment 544 - treatment area :
plant Hallim,Hangyeong, Aewol
$i§3§ts Sangdae - capacity : 12t/day
Organic substance processing 1994 (400ton/yr)
fertilizer
manufacture Samda GeuaaiiiP mandarin by-product,
fertilizer 101 wastewater sludge,
manufacture Butchery by-product
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Appendix 2. Chemica characteristics of soil in Hallim area

Sample  Coordinates Land use (;/i/; ’I(‘;l)\l (gr(r)li ¥ LS g /kgl\/[g Ca SAR Crgflig
Ul pposorsy  Pasture 59 1382 0838 638 10803 31054 54530 13577  0.20 215
U2 Rl Pasture 56 1388 0828 466 12687 29500 50950 14147 023 213
U3 Re008  Pasture 58 1410 0810 338 7159 19950 29559 7967 0.7 181
U4 NPE0O Pasture 57 1407 0837 337 7304 27310 29203 10311 0.6 19.0
U5 oo W0 Pasture 56 1365 0641 681 9569 24236 22357 7969 024 169
U6 pisalld) Feed crops 53 1388 0756 778 4937 31254 23296 4711 015 16.0
U7 RISl Feed crops 58 1158  0.409 90 17811 28132 30442 6361 046 152
U8 R0l Pasture 60 1008 0371 40 B742 21714 13606 1418 026 11.1
U9 RS Horse ranch 57 936 0416 186 5061 28608 15834 3213 0.8 12.2
U-10  NP9EOTL - Horse ranch 57 1132 0501 145 4853 21648 20634 2413 0.17 114
- o7 -
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Sample  Coordinates Land use pH (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
U-11 pisel05 Cropland 57 813 0327 1240 5991 88526 11324 12884  0.14 17.3
U-1z BEROSL  Horse ranch 56 824 0379 530 4901 62406 16082 8836 0.3 155
U-13 Red Horse ranch 58 764 0404 06 5048 16644 12290 2662 020 10.2
U-14 R3O Cropland 57 1124 0500 396 3635 50518 20047 17687 007 20.8
U-15  piostb Feed crops 60 813 0401 330 7644 62336 30331 13410 0.5 17.8
U-16  HPe9%ST Cropland 67 470 0331 2451 3681 70624 28198 19121  0.07 12.2
U-17 sl Horse ranch 51 985 0379 17 5684 27448 7370 2910 024 106
U-18 Rioel0lS Horse ranch 54 976 0516 - 552 481 52972 16914 7652 0.3 12.2
U-19 el Grass land 51 1025 0480 440 4236 12038 4116 4164  0.17 9.6
U-20  ppoetded Feed crops 58 942 0511 319 5274 13436 1705 5860  0.16 95
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Sample  Coordinates Land use (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
U-21  RisalZ Horse ranch 57 1033 0466 329 9973 39732 43924 5861  0.24 12.4
U2z RPE9HS Horse ranch 58 1096 0456 73 9313 16902 26770 6703 024 11.0
U-23  REEIAS Grass land 56 807 0495 65 4441 24114 25358 6758 0.2 129
U-24  REE08 Cropland 47 1268 0610 1366 5047 48462 15166 3233 0.8 14.7
U-25  REElSS Feed crops 56 1239 0640 2298 7238 160720 42359 17643 0.3 22,0
U-26  RHoeldl Feed crops 53 1287 0651 1404 4529 106092 31457 15507 0.9 20.1
U-27  p5eel00 pasture 53 1107 0568 1397  A774 60240 23234 7336 0.2 14.3
U-28  RiosiZS  Pasture 50 1343 0843 1253 4150 76148 33186 7565  0.10 17.2
U-29  REeAOS  Cropland 48 1161 0591 786 5739 56868 20082 4222 0.8 139
U-30  Roostd20 Grass land 53 1265 0726 1081 3217 66008 28870 6875 008 137
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Sample  Coordinates Land use (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; A K mg /kgMg Ca SAR cr:(i/ckg
U-31 pisedded Cropland 53 1042 0503 1980 3315 63066 27.297 6500  0.09 15.4
U3z Rele8d Cropland 60 891 0438 373 2336 32872 14216 6152 007 11.4
U-33 Rield80 Cropland 56 724 0320 3376 3165 100392 17947 14216 007 176
U-34 RS Cropland 56 669 0470 2150 3013 104760 18601 15505 0.6 13.1
U-35  Rooalodd Cropland 52 842 0496 508 2428 24046 8939 4960  0.08 135
U-36  pisscosls Cropland 51 1030 0504 1117 3575 46656 16865 5985  0.10 14.3
U-37  Rpoe Pasture 55 913 0590 3538 5596 80192 37.074 12621 0.1 17.6
U-38  pisalond Feed crops 61 1130 0568 1111 5951 48952 22782 18589 0.1 181
U-30  Rpeeldeds Grass land 54 1203 0643 377 5465 63568 18513 4215 0.8 13.3
U-40  poslddd Grass land 56 1030 0568 1464 10.827 98866 41604 12809 021 186
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Sample  Coordinates Land use pH (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
U-dl el pasture 58 1324 0797 284 10031 88508 39493 11750  0.20 19.7
U4z RPEldlA Pasture 59 1304 0682 615 7719 70176 49754 16582 0.3 20.2
U-43  REEIOL T Peed crops 61 1304 0717 296 4498 25498 132838 15937 0.6 24.0
s-1 RPelOiS Cropland 47 610 0272 395 3105 44498 12165 4259 0.1 13.8
sz RselOtl. Cropland 62 370 0259 3052 4320 72496 32217 16184 008 145
s-3  REAlDZ Cropland 61 482 0240 4835 3528 86628 27434 18523 006 136
s-4 Rl Cropland 70 793 0395 6727 2894 85296 40155 18534 005 141
55 Relle Orchard 62 575 0261 - 4050 3458 41334 25912 9085 008 11.2
56 NHEZL0 Grass land 59 1368 0999 1806 6255 87424 49739 18206 0.1 20.9
57 RPSalEZ Grass land 62 1298 0641 33 6521 31430 33683 14720 0.3 156
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Sample  Coordinates Land use pH (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
S8 RiER0T Cropland 65 482 0235 6552 3063 56024 30422 16462  0.06 13.0
s9 Rl Orchard 56 605 0271 6100 5136 17312 21103 7814 0.3 85
s-10  RPelzd Cropland 59 520 0292 6831 5746 111006 28840 17678 0.1 153
s-11 HEeliS Cropland 64 353 0177 3068 5996 48770 45517 18081  0.10 13.3
s-1z FPeliB0 T Cropland 60 459 0257 5729 5932 46434 29225 13755 0.2 11.7
513 RESSo. Cropland 62 403 0178 8670 3601 35682 42332 12995  0.07 10.6
s-14  RPelES Cropland 65 444 0212 4861 4508 42738 26654 17472 0.08 11.8
S-15  RiESZ Orchard 58 610 0330 9249 3508 30556 25191 9133 0.09 13.4
S-16 RpasRlo Cropland 62 570 0284 5366 3859 32118 29257 17698  0.07 139
517 RPSZTL Grass land 59 1360 0772 05 8365 28292 46321 16073 015 165
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Sample  Coordinates Land use pH (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
518 RpeelZlsd Orchard 58 939 0506 4511 5934 19714 20134 16256  0.12 11.3
519 RPedlZ Cropland 66 255 0138 7719 2915 40892 32663 13521  0.06 10.8
s-20  RPSelEET Cropland 61 335 0174 4193 6337 69732 40392 17233  0.11 121
s21 RS Cropland 58 362 0171 10656 5019 83330 38120 15293  0.09 13.8
sz REERd Orchard A7 549 0221 7064 5114 19458 7209 2578 023 11.3
523 RHESS Forest 56 | 799 0295 74 6899 15398 37518 12092 0.4 12.3
s-24  RPEEE0 Cropland 59 494 0269 7297 6308 101812 26365 15317  0.12 14.9
525 RSl Cropland 53 526 0241 _ 5000 5121 38328 1998 5552 015 10.1
526  Hooal088 . Orchard 55 669 0278 8070 4251 13224 20926 7669 011 10.9
s-27 RHE0O Feed crops 53 388 0175 5356 4259 36140 14373 4415 0.4 8.3
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Sample  Coordinates Land use pH (gcjll\(/;) T(E/{Ol)\l (;)Zr(;; N2 K mg /kgMg Ca SAR cr:(i/ckg
s-28  REHIS Cropland 49 605 0236 832 3966 32688 21945 6245 011 83
529 RPed0O Orchard 55 776 03038 3054 5368 14384 12934 10038 0.3 11.0
530 Rpeedsd  Cropland 53 799 0367 4811 4883 29406 25952 7687 0.2 101
531 RSO Cropland 55 845 0398 1782 4048 35164 17257 9208 0.0 11.9
s-32 RBSIL T Orchard 55 911 0432 9052  7.351 27088 29204 18301 0.3 16.2
s-33  RPeed0 Cropland 58 494 0221 7595 4006 38062 16041 7189 0.1 9.6
s34 KRS Cropland 58 770 0318 2021 3652 10762 25849 4757 0.1 6.1
535 Riaeslde Grass land 56 A\N657 Bl 13 493 9068 16519 4162 0.6 85
$-36  Rpeertd. Cropland 57 804 0375 2177 3087 22074 5245 2819 0.4 9.1
537 RO Feed crops 49 893 0538 2022 4766 18486 13157 4441 016 11.6
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Sample  Coordinates Land use (g(;i/; 1;;?)\1 (;)2:]5) pa K mg /kgMg Ca SAR cn(j(fl:;i{g
538 Raelotd Cropland 64 438 0205 2366 1718 76994 17351 18757  0.03 75
539 Roseldd Cropland 62 520 0277 5339 4556 86338 38378 18576 0.8 126
S0 RPeli> Cropland 60 692 0355 1938 4910 51020 24368 12971  0.10 13.2
s-a1 RPEN8 Cropland 60 502 0227 6604 3132 40128 11870 17864  0.06 126
s-42 RHEAO Cropland 60 412 0206 5794 3918 103320 32556 18251  0.07 157
s-43 RS Cropland 61 637 02091 6103 3557 70672 36612 18403  0.06 215
sS4 RHOLL Orchard 57 397 0217 3167 3091 58904 29484 18402 0.6 187
s-45 Rl Cropland 63 417 0220 8050 2833 112696 47152 18547  0.05 195
S5 RPSeZS. Cropland 58 385 0187 3294 349 59206 35910 11680  0.07 19.1
s-a7 R0 Cropland 61 640 0289 6181 3005 68672 36626 18470  0.05 66
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Appendix 3. Chemical composition of groundwater (September, 2009) Unit : mg/L
Well ID Co As Cd Cr Cu Fe Mn Pb Ni Zn
D230 0.0007 0.0031 0.0005 0.0017 0.0044 0.0084 0.0000 0.0013 0.0014 0.0511
F239 0.0002 0.00%4 0.0005 0.0015 0.0215 0.0099 0.0000 0.0028 0.0003 0.0823
F368 0.0007 0.004 0.0005 0.0014 0.0036 0.0085 0.0006 0.0032 0.0000 0.0589
F244 0.0000 0.038 0.0005 0.0026 0.0037 0.0085 0.0001 0.0006 0.0007 0.092
F315 0.0002 0.0027 0.0005 0.0016 0.0077 0.0455 0.0005 0.0029 0.0005 0.1066
D033 0.0007 0.0000 0.0005 0.0026 0.0109 0.0094 0.0000 0.0031 0.0061 0.0527
F317 0.0004 0.0027 0.0005 0.0024 0.0087 0.0089 0.0000 0.002 0.0005 0.0471
FO028 0.0008 0.0046 0.0005 0.0014 0.0000 0.0085 0.0000 0.0021 0.0007 0.0377
F137 0.0005 0.0045 0.0005 0.002 0.0084 0.0091 0.0006 0.0022 0.0048 0.4153
F135 0.0006 0.0000 0.0005 0.0017 0.0049 0.0089 0.0000 0.0025 0.0008 0.0599
FO68 0.0007 0.0051 0.0005 0.002 0.0009 0.0086 0.0000 0.0012 0.0036 0.0288
F246 0.001 0.0023 0.0005 0.0017 0.0011 0.0086 0.0000 0.004 0.0008 0.1021
F314 0.0004 0.003 0.0005 0.0014 0.0009 0.0163 0.0000 0.0017 0.0008 0.0784
S004 0.0005 0.004 0.0005 0.0026 0.0131 0.0081 0.0000 0.0031 0.0005 0.0438
F458 0.0002 0.0057 0.0005 0.0019 0.014 0.0169 0.0036 0.003 0.0021 0.0507
F128 0.0011 0.0027 0.0006 0.0014 0.0042 0.0097 0.0000 0.0027 0.0017 0.1600
D128 0.0003 0.0038 0.0004 0.0013 0.0095 0.0114 0.0010 0.0019 0.0009 0.068
F481 0.0007 0.0046 0.0006 0.002 0.0091 0.0085 0.0005 0.0032 0.0021 0.0833
F046 0.0009 0.0036 0.0005 0.002 0.0016 0.011 0.0000 0.0018 0.0010 0.0126
F059 0.001 0.036 0.0005 0.0019 0.0028 0.009 0.0000 0.0022 0.002 0.0114
Cs01 0.0008 0.0036 0.0004 0.0033 0.008 0.0106 0.0001 0.0026 0.0014 0.0133
F090 0.0004 0.0069 0.0006 0.0008 0.0000 0.0233 0.0000 0.0002 0.0017 0.1083
WO022 0.001 0.0014 0.0005 0.0023 0.0073 0.0099 0.0003 0.0009 0.0019 0.0759
DS01 0.0008 0.0058 0.0005 0.0014 0.0064 0.0111 0.0000 0.0028 0.001 0.0388
CHO1 0.0005 0.0053 0.0005 0.0018 0.0007 0.0196 0.0000 0.0009 0.0003 0.0131
JeilO1 0.0005 0.0036 0.0005 0.0019 0.0049 0.0081 0.0000 0.0025 0.0011 0.0509
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Appendix 3. Chemical composition of groundwater (June, 2009)

Well ID Co As Cd Cr Cu Fe Mn Pb Si Zn
F028 0.0092 0.0000 0.0001 0.0022 0.0039 0.0014 0.0003 0.0012 17.012 0.0505
F046 0.0195 0.0008 0.0000 0.0032 0.0038 0.0039 0.0000 0.0003 17.147 0.0074
F059 0.0027 0.0040 0.0001 0.0026 0.0035 0.0006 0.0004 0.0018 16.932 0.3568
F068 0.0054 0.0008 0.0002 0.003 0.0019 0.0014 0.0003 0.0016 16.574 0.0497
F090 0.0048 0.0000 0.0001 0.0024 0.0030 0.0008 0.0004 0.0014 17.31 0.025
F128 0.0035 0.0026 0.0000 0.0027 0.0026 0.0014 0.0003 0.0000 17.523 0.0341
F137 0.0036 0.0053 0.0001 0.0022 0.0020 0.0008 0.0007 0.0004 16.042 0.2123
F239 0.0121 0.0000 0.0001 0.0029 0.0023 0.0016 0.0002 0.0000 16.856 0.0491
F244 0.0169 0.0004 0.0001 0.0032 0.0025 0.0031 0.0002 0.0006 16.247 0.0184
F246 0.0076 0.0031 0.0000 0.0031 0.0018 0.0029 0.0003 0.0011 17.609 0.0227
F314 0.021 0.0019 0.0001 0.0035 0.0028 0.0078 0.0006 0.0021 16.358 0.066
F315 0.0099 0.0012 0.0002 0.0036 0.0016 0.0001 0.0001 0.0010 15.14 0.0217
F368 0.0113 0.0000 0.0001 0.0017 0.0003 0.0035 0.0003 0.0009 16.249 0.0154
F458 0.014 0.0000 0.0002 0.0034 0.0042 0.0041 0.0001 0.0024 16.819 0.0364
D033 0.0111 0.0019 0.0001 0.0036 0.0051 0.0102 0.0004 0.0008 15.369 0.0954
D230 0.0119 0.0006 0.0002 0.0026 0.0025 0.0037 0.0002 0.0007 172 0.0254
D280 0.0062 0.0005 0.0000 0.0025 0.0037 0.0194 0.0009 0.0000 16.603 0.0106
5004 0.0082 0.0015 0.0000 0.0045 0.0042 0.0205 0.0004 0.0026 15.75 0.3973

JEILO1 0.0089 0.0058 0.0000 0.0034 0.0000 0.0045 0.0007 0.0015 13.792 0.0603

GAMO1 0.0191 0.0022 0.0002 0.0054 0.0005 0.0022 0.0000 0.0029 14.641 0.0174
D501 0.0746 0.0016 0.0001 0.0035 0.0013 0.0291 0.0004 0.0018 12.944 0.0254
CS01 0.0067 0.0016 0.0001 0.0033 0.0014 0.0030 0.0009 0.0002 14.888 0.0268
DB01 0.0141 0.0003 0.0003 0.0025 0.0071 0.0202 0.0008 0.0015 15.623 0.0106
F135 0.0095 0.0009 0.0000 0.0036 0.0013 0.0075 0.0003 0.0018 14.551 0.0247
F317 0.0082 0.0000 0.0000 0.0039 0.0013 0.0026 0.0000 0.0014 15.345 0.0035
W022 0.0093 0.0027 0.0001 0.0026 0.0009 0.0129 0.0003 0.0036 16.815 0.0709
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Appendix 4. Ion component of groundwater

Well ID DATE Cl NO3-N SOy NH,4 Na K Mg Ca F
F028 2009-09-04 19.938 0.846 1.666 0.000 7.710 13.671 5.100 5.625 0.111
F046 2009-09-04 16.435 6.777 6.310 0.000 11.839 3.382 9.380 10.981 0.105
F059 2009-09-04 27.486 17762 13.870 0.000 15.462 3.364 16.102 20.922 0.160
F068 2009-09-04 11.618 2.190 2.618 0.000 8.691 2.640 5.719 6.478 0.110
F090 2009-09-04 16.272 6.393 5.807 0.000 11.461 3.031 8.515 9.910 0.100
F128 2009-09-04 217.657 17.290 13.624 0.000 18.438 4.876 15.280 20.328 0.155
F135 2009-09-04 24.154 16.370 17.680 0.084 15.690 4.554 13.730 15.832 0.159
F137 2009-09-04 16.779 7.709 6.455 0.000 12.754 4.363 10.377 11.831 0.107
F244 2009-09-04 8.554 0.496 1! 0.000 9.362 3.230 4.188 5.657 0.122
F239 2009-09-04 6.715 0.247 1.517 0.000 6.434 2.101 4.021 4.815 0.115
F246 2009-09-04 19.833 10.640 8.754 0.000 14.635 3.762 13.602 12.510 0.155
F314 2009-09-04 19.517 10.443 10.381 0.000 14.042 3.432 11.340 12.723 0.106
F315 2009-09-04 9.777 2.003 2.983 0.000 9.518 3.339 4779 7.264 0.120
F317 2009-09-04 14.909 5.480 7.335 0.000 14.761 4.197 7487 8.622 0.125
F368 2009-09-04 8.639 1.636 2.527 0.000 7.643 2.420 5.150 6.207 0.111
F458 2009-09-04 7.311 1.088 1.641 0.000 7.508 2.544 4.376 5.163 0.118
F481 2009-09-04 24.788 10474 13.608 0.040 16.626 2.374 14.750 14.526 0.170
D033 2009-09-04 15.753 6.615 6.851 0.000 12.548 3.255 9.127 9.479 0.106
D128 2009-09-04 12.321 0.381 3.178 0.000 20.599 3.888 4.759 8.493 0.143
D230 2009-09-04 10.738 2.624 2.883 0.000 9.087 2.7193 5910 7.144 0.108
S004 2009-09-04 13.472 3.763 3.853 0.000 11.042 3.196 6.524 7.734 0.112
WO022 2009-09-04 58.793 28.948 33.314 0.000 52.281 4.130 13.486 17.428 0.229
JEILO1 2009-09-04 33.753 15.182 18.630 0.000 25.905 4.616 15.330 24.264 0.193

GAMO1 2009-09-04 11.521 1.371 3.415 0.000 14.633 4.254 4.726 7.735 0.135
DS01 2009-09-04 14.122 2.316 11.806 0.000 14.514 4.196 5.278 15.050 0.170
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Well ID DATE Cl NO3-N SOy NH,4 Na K Mg Ca F
CS01 2009-09-04 21.746 5.108 10.266 0.034 28.501 4.322 13.802 15.956 0.194
CHO1 2009-09-04 16.302 5.624 6.778 0.000 13.252 3.533 8.364 9.713 0.138
F028 2009-06-10 12.200 2.191 2.620 0.072 9.679 3.274 5.643 6.271 0.109
F046 2009-06-10 17.399 6.012 0.000 0.005 10.940 3.455 8.093 9.424 0.109
F059 2009-06-10 15.333 6.859 5.746 0.038 11.640 4.033 8.885 10.281 0.104
F068 2009-06-10 16.580 7.475 6.407 0.067 11.142 3.412 8.992 11.188 0.105
F090 2009-06-10 15.605 6.121 5.892 0.001 11.698 3.534 8.972 9.831 0.107
F128 2009-06-10 27.114 17976 14.034 0.220 17.867 5.638 15.566 20.600 0.151
F137 2009-06-10 17.374 8.366 5.658 0.220 13.929 5.542 12.782 14.474 0.158
F239 2009-06-10 6.560 1.030 1.718 0.024 6.660 2.643 4.068 4.849 0.113
F244 2009-06-10 8.686 1.162 1.993 0.005 9.669 3.929 4.242 5.675 0.121
F246 2009-06-10 19.788 11.942 8.886 0.004 14.959 4.742 14.238 12.890 0.148
F314 2009-06-10 16.675 8.144 8.001 0.000 13.367 3.763 9.549 10.983 0.115
F315 2009-06-10 8.613 1.295 2.138 0.003 9.736 4.051 4.349 6.940 0.124
F368 2009-06-10 7973 2.213 2.498 0.000 7.479 2.895 4.798 5.740 0.113
F422 2009-06-10 13.207 4.496 3.214 0.023 9.681 3.547 7.044 7.692 0.000
F458 2009-06-10 7.469 1.356 1.812 0.003 7.938 3.196 4.576 5.312 0.118
D033 2009-06-10 15.971 7.204 6.842 0.000 12.803 3.820 9.204 9.633 0.110
D230 2009-06-10 8.826 1.847 2.269 0.011 8.104 3.151 4.820 5.914 0.111
D280 2009-06-10 11.076 3.872 3.930 0.000 9.228 3.200 6.602 7.513 0.104
5004 2009-06-10 12.888 3.034 3.379 0.000 10.713 3.697 5.949 7.264 0.114
JEILO1 2009-06-10 41.940 14.400 18.835 0.175 34.047 7.740 15.615 24.265 0.357

GAMO1 2009-06-10 10.596 0.922 3.118 0.008 14.940 4.928 4.495 7.194 0.136
DS01 2009-06-10 45913 8.650 15.440 0.075 34.957 11.915 12.425 35.095 0.387
CS01 2009-06-10 19.532 5.650 8.708 0.038 17.601 4.478 13.012 14.924 0.174
DB01 2009-06-10 35.136 5.550 10.522 0.000 26.526 5.098 9.002 13.264 0.223
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Well ID DATE Cl NO3-N SOy NH,4 Na K Mg Ca F
F135 2009-06-10 22.781 15.180 16.706 0.000 15.228 5.006 12.622 14.236 0.156
F135 2009-06-10 14.821 6.410 7.420 0.004 15.352 4.916 7.688 8.684 0.176
F317 2009-06-10 25.843 9.214 14.748 0.032 17.344 3.140 14.626 14.108 0.169
WO022 2009-06-10 30.703 14.902 15.602 0.000 20.409 4.348 13.662 16.704 0.171
D128 2009-06-10 6.029 0.172 1.614 0.023 10.684 2.151 2.300 4.309 0.098
F317 2008-10-30 17.193 6.374 8.140 0.000 18.490 5.864 8.484 9.625 0.152
F246 2008-10-30 22.397 12.897 9.468 0.036 17.878 5.570 16.093 14.504 0.000
F481 2008-10-30 29.580 10.293 16.477 0.000 20.522 3.561 16.161 16.332 0.000
F135 2008-10-30 26.099 18.451 17.882 0.000 23.358 6.126 15.657 17.176 0.000
D128 2008-10-30 14.785 0.403 3.671 0.000 26.375 5.524 5.220 9.679 0.173
WO022 2008-10-30 39.167 25.831 22.115 0.000 26.369 5.720 19.260 30.163 0.000
KGO1 2008-10-30 11.722 0.652 3.003 0.086 17.028 5.616 4.720 8.152 0.163
GRO1 2008-10-30 24.885 6.388 9.695 0.000 21.880 5.169 13.646 16.505 0.000
JEILO1 2008-10-30 40.719 13.890 19.515 0.063 35.496 7.152 16.843 25.990 0.191
CHO1 2008-10-30 102.468 15.716 32.070 0.000 '71.289 10.737 20.749 46.285 0.250
DS01 2008-10-30 77.086 8.816 45.607 0.000 63.660 16.082 21.456 49.897 0.212
D230 2008-10-30 10.560 2.361 2.012 0.000 10.000 3.761 5.728 7.053 0.000
D280 2008-10-30 13.132 4912 4.061 0.000 15.564 3.812 8.026 9.057 0.000
D033 2008-10-30 20.695 8.220 7.558 0.000 16.704 4.687 10.875 11.261 0.000
F244 2008-10-30 9.447 1.373 2.048 0.000 11.274 4.466 4.698 6.316 0.000
F028 2008-10-30 9.721 1.187 2.137 0.000 8.983 3.346 4.749 5.325 0.000
F458 2008-10-30 11.067 1.915 2.212 0.000 10.775 4.088 5.667 6.713 0.000
F137 2008-10-30 18.682 7.429 6.021 0.122 15.212 5.743 11.034 12.604 0.000
F527 2008-10-30 10.557 2.018 2.205 0.029 10.629 4.084 5.623 6.644 0.000
F368 2008-10-30 7.548 1.188 1.760 0.000 7.751 3.047 4.588 5.415 0.000
F239 2008-10-30 7.902 1.224 1.764 0.000 8.307 3.214 4.796 5.754 0.000
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Well ID DATE Cl NO3-N SOy NH,4 Na K Mg Ca F
F315 2008-10-30 34.697 1.205 5.496 0.000 22.961 0.216 6.180 8.166 0.156
F314 2008-10-30 16.661 6.148 5.923 0.000 15.351 4.295 9.087 10.624 0.000
F422 2008-10-30 13.830 5.107 4.141 0.000 14.849 4115 8.283 8.948 0.000
F068 2008-10-30 12.551 2.791 2.827 0.000 14.870 3.787 6.491 7.215 0.000
F128 2008-10-30 27408 16.800 13.704 0.000 20.931 6.354 16.122 21.896 0.000
F453 2008-10-30 16.621 6.897 5.631 0.000 13.172 4.104 9.752 11.525 0.000
F059 2008-10-30 15.757 5.712 5.043 0.000 12.472 4.233 8.907 10.220 0.000
F046 2008-10-30 17.591 6.257 5.305 0.000 13.419 4.077 8.936 10.543 0.000
F090 2008-10-30 16.383 6.076 5.319 0.023 13.279 4.078 9.140 10.723 0.000
S004 2008-10-30 18.022 4.449 4.254 0.000 13.864 4.246 3.165 8.613 0.000
GAO1 2008-10-30 7.919 0.818 1.940 0.000 7.465 3.159 4.176 5.527 0.000
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