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SUMMARY

Vanadium is considered to possess insulin—mimetic actions not only in
animal models of diabetes mellitus but also in the cases of type 1 diabetes
and type 2 diabetes. Silica in drinking water may reduce the risk of
developing Alzheimer disease.

The purpose of the study is to produce the functional mineral (vanadium
and silica) water from Jeju groundwater using nanofiltration (NF), and
reverseosmosis (RO) processes, respectively. Groundwater samples were taken
from Seogwipo, Ayum, Wahyul, and Namwon groundwater wells with
different in vanadium content each other. Their vanadium concentrations were
53.0, 445, 31.8, and 10.2 ppb, respectively.

In this study, three different commercial RO membrane modules (
BW30-2540, RE2540-TE, and XLE-2540) and two different commercial NF
membrane modules (NE2540-90 and NF90-2540) were used for the
concentration of vanadium and silica. The membrane characteristics test
results showed that NE2540-90 module was the most efficient because of
higher permeate flux and similiar rejection coefficient.

Using NE2540-90 module at the transmembrane pressure of 8 kgycm? it
was found that the rejection coefficients of vanadium, silica, aluminium,
chromium, iron, boron, strontium, and barium were 98.2%, 99.0%, 92.0%,
83.6%, 96.0%, 45.1%, 986%, and 695%. It was possible that vanadium
contents of Seogwipo, Ayum, Wahyul, and Namwon groundwater were
concentrated into 1489, 122.9, 89.2, and 50.8 ppb, respectively, by 5 or 6
stages treatment at the recovery ratio of 15~20%. And these concentrated
groundwater did not exceed the permissible drinking water standards, because

of the purity of Jeju groundwater.



The waters produced by NF or RO, which are enriched in vanadium and
silica content, are expected to be commercialized into the various functional

mineral waters.
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Table 1. Comparison of various membrane modules

tem for comparion_ TWpulr — Platc and Spiral wound — Hollow
Packing density Low Very high
Investment High Low
Fouling tendensy Low Very high
Cleaning Good Poor
Operation High Low
Membrane replacement Yes/No Yes No No
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m A3FA R ¥H

o 2o &= gEHS FAHSINLH

AR (25+1C)8HA SAHEE s}

2 AFNAE FU) SA 2 9F DALY 3FFe AT 23R e
S Zbzt AbgEtlon, 2 RES wE o 7)o UPd RES AFESI] A
Z v & 5 JA sk B Ao AFEE ZF uhe] A9 Table 20| e
oAt

Table 2. Characteristics of membrane

RO NF
ftem BW30-2540 XLE-2540 RE2540-TE| NE2540-90  NF90-2540
Polyamide Polyamide Polyamide Polyamide Polyamide
Metmberane thin—film  thin—film  thin-film thin—film thin—film
yb composite  composite composite composite composite
Effective
area (m') 2.6 2.6 2.5 2.5 2.6
pH range 2-11 2-11 3-10 3-10 2-11
Maximum
feed silt 5 5 5 5 5
density index
Free
chroline <0.1 <0.1 <0.1 <0.1 <0.1
tolerance
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. Membrane (RO/NF) 8. Valve
10.

13.

—
. Feed water 2. Raw water tank 3. Temperature gauge
. High pressure pump 5. Flow meter 6. Pressure gauge

9. Pressure gauge
Flow meter 11. Pressure gauge 12. Flow meter

Permeate 14. Mineral water tank

Fig. 1. Schematic diagram of NF/RO process.
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322 % A4S A% 71243

B AFNAE AFE Addee A% FARAE Bd A5 FAEYL o
olalgon, 1 AnE B2 o 9582 Sue) 5 £F9 Pevel g %
A%t A FHL B vhbE L A HRe) BEF Az 4G

3.2.2.1. €59 FH( A% (permeate flux)

= U] SAFS] RE2540-TE % NE2540-90, =5l DAFS] BW30-2540, XLE-2540
2 NF90-25405 AAete] 7|243S sdsAth 557 29 33 /T
2 orA43t A7l 3 97kAY (transmembrane pressure, TMP)S 2 kgi/cm?oll A
16 kgy/em?’S. 2 2 kgy/em?® 7HA 02 Z7A 7| A T3] HEE =AY o

W, o] We] FF5 Fee 25ITE DA KAk

3.22.2 959 FAA

4

HAE A, o2 A, el A9 2 del A% ArE qPoz 3
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stol A ()l oJsf Fg&S Ao, w57 Az HA IeE
o] e ZeS Aol 15%~20%= At

Qp

Recovery ratio (%) =
Qs

x 100 (3)

3.2.24. &4 AL (rejection coefficient)

WA &2 o gk Eute] w4 A=E YelllE HE2A 2 (49 ol
Aodt, 9714 Ce =499 8845 E0x, Cx w2l 534 (permeate)
7 A5 Fol FqE oAy AR g miAES $AeS 4, 8 12 2 16

kg/ar= WHAZWA ZAsiglon, olwe FFHFES 12 L/minZ 1A

Rejection coefficient (%) = ( 1- %fp ) x 100 4)
323 4%
T FA A AHEd 2HARAS T S 5T FHFE 045 m

filter2 o AIA FASEH 0w, pHe H71HEE  (electro conductivity) <
multimeter (Orion #1119001, Germany)E A8 =433 o™, Al V, U, Fe 5

o $F&%E TP 7

¢

A& ICP/MS (Varian 820, Australia)E o] &3] &

=
Atk 1 99 s AR digh 24 Standard MethodE 3}
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Table 3. ICP/MS analysis conditions

Item Parameters Setting range
Plasma flow 165~185
Auxiliary flow 1.45~1.55
Gas flow
(L/min) Sheath gas flow 0.22~0.25
Nebulizer flow 1.0
RF power (kw) RF power (kw) 14
CRI gases (L/min) Skimmer (with Hby) 0.085~0.090

Quardrupole scan

Scan mode
Dwell time (ms)
Points per peak

Scan/Replicate

Replicates/Sample

Peak hopping
20
1

50

_18_
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Table 4. Quality of groundwater

Feed water Unit Segwipo Ayum Wahyul Namwon
pH - 86102 " 7.9+0.15 8.0+0.06 7.7+0.1
Turbidity NTU 0.1+£0.05 0.1+£0.05 0.1+0.07 0.1+0.05
Ca mg/L 8.95+0.4 3.1+0.5 2.1+0.60 3.1+0.4
Mg mg/L 6.39+0.4 5.1+0.62 1.4+0.16 2.5+0.7
K mg/L 7.5+0.28 4.9+0.89 6.1+0.65 1.9+0.53
Al 1eg/L 10.1+0.2 5.5+0.7 8.0+0.76 1.6+0.9
Mn re/L <0.2 <0.2 0.69+0.16 <0.2
Ni rg/L <0.2 <0.2 0.29+0.01 <0.2
Cd pe/L ND” ND ND ND
Se 1g/L <0.2 <0.2 <0.2 <0.2
Ge rg/L <0.2 sy <0.2 <0.2
Cr rg/L 1.25+0.06 55+0.8 2.13+0.24 1.2+0.2
Si0 mg/L 36.3+0.5 40.6+0.6 29.9+0.35 36.5+0.7
Vv ug/L OBl 2368 44.5%2.3 31.8+1.24 10.2+1.1
Fe rg/L 2.07£0.2 0.6+0.56 10.2+8.26 7.8+0.70
Cu reg/L 1.5+1.52 <0.2 0.2+0.28 <0.2
Zn reg/L 1.47£1.90 29.2+2.87 1.47+1.9 4.3+1.45
B re/L 17.75+1.83 16.2+2.09 17.3+1.87 6.6+1.09

D Values are means + S.D. (n=3)

2)

ND: Not detected.
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4.2, &39| ENM= (permeate flux)

grol Al o] T o] =t (F 5, 2007).
5579 ® RE W 59 FRAEHES BW30-2540 < RE2540-TE <

XLE-2540 < NF90-2540 < NE2540-90 =A% Z7tetaiom, 23kaek 10 kgy/

arell A 2] NE2540-90, NF90-2540, XLE-2540, RE2540-TE % BW30-2540¢] %

=

P& 7H7t 103.2, 92.31, 60.0, 57.7 & 42.0 L/m* + hro] At}

Fig. 2. Purewater permeate flux as function of transmembrane

pressure.
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(a) Seogwipo groundwater

(b) Ayum groundwater
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(c) Wahyul groundwater

(d) Namwon groundwater

Fig. 3. Permeate flux as function of transmembrane pressure.
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(a) Segwipo groundwater (Na = 19 ppm)

(b) Ayum groundwater (Na = 9.8 ppm)
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(c) Wahyul groundwater (Na = 13.6 ppm)

(d) Namwon groundwater (Na = 8.0 ppm)
Fig. 4. Rejection coefficient of Na as function of transmembrane

pressure.
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(a) Segwipo groundwater (K = 7.5 ppm)

(b) Ayum groundwater (K = 4.9 ppm)
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(c) Wahyul groundwater (K = 6.1 ppm)

(d) Namwon groundwater (K = 1.9 ppm)
Fig. 5. Rejection coefficient of K as function of transmembrane

pressure.
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(a) Segwipo groundwater (Mg = 6.39 ppm)

(b) Ayum groundwater (Mg = 5.1 ppm)
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(c) Wahyul groundwater (Mg = 1.4 ppm)

(d) Namwon groundwater (Mg = 2.5 ppm)
Fig. 6. Rejection coefficient of Mg as function of transmembrane

pressure.
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(a) Segwipo groundwater (Ca = 8.95 ppm )

(b) Ayum groundwater (Ca = 3.1 ppm)
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(c) Wahyul groundwater (Ca = 2.1 ppm)

(d) Namwon groundwater (Ca = 3.1 ppm)
Fig. 7. Rejection coefficient of Ca as function of transmembrane

pressure.
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(a) Seogwipo groundwater (V = 53.0 pphb)

(b) Ayum groundwater (V = 44.5 ppb)
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(c) Wahyul groundwater (V = 31.8 ppb)

(d) Namwon groundwater (V = 10.2 ppb)
Fig. 8. Rejection coefficient of V (vanadium) as function of

transmembrane pressure.
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(a) Seogwipo groundwater (SiO2 = 36.3 ppm)

(b) Ayum groundwater (SiO2 = 40.6 ppm)
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(c) Wahyul groundwater (SiO2 = 29.9 ppm)

(d) Namwon groundwater (SiO2 = 36.5 ppm)
Fig. 9. Rejection coefficient of SiO; as function of transmembrane

pressure.
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(a) Seogwipo groundwater

(b) Ayum groundwater
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(c) Wahyul groundwater

(d) Namwon groundwater
Fig. 10. Rejection coefficient of various ingredient as function of

transmembrane pressure (NE2540-90).
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Table 5. Variations of Seogwipo ground water ingredient during the six-stage membrane separation process

(NE2540-90)

Na Mg K Si0, ? \Y% Ca Zn Al Se Fe Sr B Cr Mn Cu Cd Ba
Ttems pH
ppm ppm ppm ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
Wztgnga“fgty 5-8?5“ - - - - - : 1000 200 10 300 - 300 500 - 1,000 5 -

raw water 86  263t598"  6.0+05 75+0.28 32.1£#1.6 53.0+1.3 7.8+0.3 1.5+058 100 +1.3 <02 2.07+0.2 349+1.23 17.8+1.83 1.3+0.46 <0.5 1.0£0.12 <05 2.4%0.30

conanSttrate 8.5 29.4+£328 8.0£0.05 9.3+0.03 39.6+1.1  83+19 7.8+0.24 29+0.22 166+0.78 <02 2.1£0.19 37.34+1.3 18.88+0.93 2.0+0.7 <05 14£032 <05 2.56+0.34
conzggtrate 8.6 30.2¢4.98  10.1+0.13 11.7£0.05 45.1+0.7 104.7£4.34 12.5£0.04 3.3£0.52 19.7£0.7 <02  3.36+0.9 40.28+1.66 19.35+2.75 22+0.8 0.7#0.12 3.0+0.11 <05 2.95+0.3)
concirr(ljtrate 8.6 39.1#564 10.4+0.15 11.8+0.12 52.6+0.9 105.2+4.26 12.7+0.14 4.1+15 224+06 <02 471+1.00 49.34£0.51 14.95+1.19 2509 0.9+0.02 3.4%0.09 <05 3.24+0.24
mn({,le%trate 8.5 46.5+6.98 10.9+0.15 12.7+0.14 60.3+1.2 114.3%6.32 14.0+0.16 4.2+0.9 23.3£0.2 <02 544+2.67 56.48+0.74 14.48+0.81 2.4+0.6 09+0.08 4.0+0.23 <0.5 3.78+0.43
mn(?et?ltrate 8.5 49.6+4.10  11.9+0.2  13.9+0.2 76.6+0.70 128.9+2.87 155+0.2 54+0.3 26.14£09 <02 549+2.16 60.41+1.32 17.62£0.46 2.4+0.66 09+0.04 4.8+0.16 <0.5 4.02+0.30
wnci:\t?trate 8.5 52.5+743 13.0+0.15 154+0.17 85.8+0.87 145.9+4.37 17.2+0.15 5.6+0.53 29.4+1.7 <02  7.7+457 66.41+1.47 19.31£0.75 3.3+0.6 1.1+0.1 6.0+0.28 <0.5 4.37£0.23
mtlriteate 8.7 0.39+0.23  0.1£0.004  0.5%0.0 <0.05 20+03 0.1+0.00 <0.2 <0.2 <0.2 <0.2 <0.2 19.64+1.09 <02 <0.2 <0.2 ND <0.2
mtzgldeate 8.6 0.48+0.34  0.13+0.008 0.7+0.002  <0.05 1.6+0.18 0.1x0.002 <0.2 2.0+024 <02 <0.2 <0.2 19361048  <0.2 <0.2 <0.2 ND <0.2
per?rrgate 8.3 0.50+0.38  0.19+0.002 0.9+0.012  <0.05 2604 02+0.01 <02 18+0.06 <0.2 <0.2 <0.2 19.3+0.781 <0.2 <0.2 <0.2 ND <0.2
peﬁtrhmte 8.5 0.54£0.19  0.19£0.004 1.0+0.01 <0.05 2413 020007 <02 1.8+128 <0.2 <0.2 <0.2 17.62£0.46  <0.2 <0.2 <0.2 ND <0.2
pegtrhmte 8.3 0.60+0.41 0.26+0.003 1.2+0.007  <0.05 28104 030008 <05 09027 <0.2 <0.2 <0.2 17.80£0.88  <0.2 <0.2 <0.2 ND <0.2
per?rﬂéate 8.3 0.67+0.34 0.31+0.006 1.4+0.006  <0.05 4.6+1.23  0.3+0.008 0.8+0.28 1.2+0.20 <0.2 <0.2 <0.2 19.64£0.56  <0.2 <0.2 <0.2 ND <0.2

Y Values are means = S.D. (n=3)
? Si0p= Six2.1393.
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Table 6. Variations of Ayum groundwater ingredient during the six-stage membrane separation process (NE2540-90)

ltems  pH Na Mg K Si0y” v Ca 7n Al Se Fe Sr B Cr Mn Cu Cd Ba
ppm ppm ppm ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb_ ppb ppb  ppb

water 58

quality  ~ - - - - - - 1,000 200 10 300 - 300 50 - 1000 5 -

standard 85

vI\}:t\gr 80 9.8#510” 51062 49089 40606 44523 31+05  29.2#523  4.9+0.56 <0.2 0.6+0.56  289+1.49 16.2+2.09 5.5%0.8 <0.2 ND ND 1.46+0.34

conestivat 79 1005428 452 +06 516026 463t151 52.53+479 375:0.79 6165+997 510:098 0.65:048 064035 3474:1.19 1620:2.00 658:032 097¢014 ND ND 1574021

conond it 80 1208+444 549038 619+0.05 547:324 62.86:276 454+0.72 67301089 562:096 0.73:057 065078 41.28:1.36 16.29+101 8.09:0.16 599:071 ND ND 205:0.2

congégtrat 79 1470412 6.8+59.76 7.31+0.20 62+1.09 77.62+1.53 559+0.50 69.15+11.10 6.04£0.64 0.07£0.39 1.27+0.66 48.53+0.48 16.80+0.28 9.70+1.18 1.46+0.30 ND ND 2.54%0.14

conoh cat 79 17912388 837057 819031 739079 87.10:254 656+0.45 7830¢1131 680+0.70 1.17:1.09 160099 56.48:0.84 17.51+0.70 1123151 263013 ND ND 2.78+0.03

con?égtrat 7.8 22.88+1.51 9.13+0.14 9.33+0.49 86.7+0.67 105.52+3.51 7.99+0.14 89.95+13.65 7.45+0.63 0.70+0.38 2.05£0.64 63.48+3.02 19.29+2.42 12.55+0.64 6.91+0.31 ND ND 3.07+0.10

conggrlltrat 79 27194273 11.1£0.17 11.41+0.72 101.2+1.00 122.90+4.11 9.33+0.66 96.80+12.45 7.97+0.47 1.03£0.69 2.48+0.25 76.81+4.47 21.98+4.27 14.77+0.61 3.57+0.31 ND ND 3.47+0.25

per%’r?et:ate 80 042014 0.06+0.5 0.15+0.61 <0.05 0.43+0.05  0.06£0.3 12.54+11.96 <0.2 0.33+0.46 <0.2 0.32+0.15 8.38+0.37 0.11+0.28 <0.2 ND ND <0.2
pererllgate 81 0.46%0.15 0.061+0.07 0.16+0.01 <0.05 0.43£0.09  0.04£0.5 13.39£16.36 <0.2 0.78+1.07 <0.2 0.16£0.13  9.11+0.16  0.09+0.25 <0.2 ND ND <0.2

per?’rﬁgate 8.0 054£0.16 0.08+0.07 0.20x0.6 <0.05 0.56+0.19  0.08+0.3  7.09+6.05 <0.2 1.76+2.48 <0.2 0.35+0.04 10.40+0.56 0.14+0.30 <0.2 ND ND <0.2

el te 79 066£022 009:095 025:02 <005 0526004 007:06 412:395 <02 107+151 <02  028:0.11 1053:065 0158020 <02 ND ND <02

per?rtl}éate 81  0.84+0.8 0.06+0.047 0.25+0.6 <0.05 0.62+0.03  0.05£0.3  1.25+0.03 <0.2 0.78+1.09 <0.2 0.28+0.12  12.64+0.67 0.08+0.18 <0.2 ND ND <0.2

e te 78 077+03  007:004 02506 <005 065035 00402 375262 <02 <02 <02 033002 968+045 018+0.18 <02 ND ND <02

Y Values are means + S.D. (n=3)

2 Si0y= Six2.1393.
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Table 7. Variations of Wahyul groundwater

ingredient during the five-stage membrane separation process (NE2540-90)

Na Mg K Si0; ? \ Ca 7n Al Se Fe Sr B Cr Mn Cu Cd Ba
Item pH
ppm ppm ppm ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb  ppb  ppb
water - 5g :
quality  “p- - - - - - - 1,000 200 10 300 - 300 50 - 1,000 5
standard h
woter 80 136:321" 142016 61065 200035 3157:1.24 212060 147190 80:076 074019 1020:826 263226 17.25:187 2.13:0.24 0.69+0.16 020:0.28 ND 1.16+0.10
conest it 81 159%2.88  169:01 7.1%029 37.76:0.76 3556+2.21 2.4+0.52 3884212 84:096 0.88+0.25 3855:2326 3557+2.14 1572+145 371+043 265118 038029 ND 137+0.20
conZld o 81 201402 21+0.18 92+057 464+176 45024225 32+0.79 7.25+471 9.1+0.85 0.87+0.17 37.23+1555 4752+1.74 1863021 3.77+048 183:0.64 023:021 ND 155:0.20
conerd ¢ 82 229%#321 26+0.20 103%0.02 57.4+2.34 5345+0.84 4.1+1.22 7.75+#457 117157 0.89+0.20 4358+2818 55962173 19.17+0.48 459100 301159 0542029 ND 1.76+0.13
conth . 81  259+574 32:031 135:0.89 699+212 6972160 52¢154 1493+102 1414264 093:0.33 52.10+23.14 70010.79 21.44+0.41 555+073 441059 101001 ND 1.98+0.10
conothi ¢ 81 200927 32:078 116567 863098 89.15:140 43097 1046585 135+416 0910.09 4879+42.12 8156+1.36 2261039 539+239 511:147 152:017 ND 2.17:0.15
per}ggate 80 217 252 01+0.21 09+1.08 <005 259379 035046 2.23+208 043+0.85 0.64+0.31 297+1.03 0.47+027 7.04+031 0.34+0.17 024028 ND ND  2.40+0.20
per%ggate 82 03 *035 002001 08+011 <005 062+0.19 062083 1.21+157 0.09+0.18 054:020 1.80+1.47 0.24+0.31 9.18+0.36 0.20%0.18 0.19#0.25  ND ND <02
pegggate 81 029028 0.07+0.01 01009  <0.05  0.63:0.17 0.03:0.04 2094169 0.08:017 057+0.17 162120 023026 9.98+071 023020 0.19+0.22 ND ND <02
Derj%gate 81 031037 007001 011:0.12 <005  0.66£0.18 0.02:0.03 2.02+1.74 0.10:020 055:0.18 156=1.12 023030 11.02+1.05 <02 0.19+022 ND ND <02
Dergggate 80 033 047 2.04+0.01 0.12+0.16 <005 0.70:0.24 0.04x0.06 0.89+1.03 0.05:0.11 058+0.17 1541.10 0.24+0.30 12.98+0.80 0.25:0.22 0.20+0.19  ND ND <02
D Values are means = S.D. (n=3)

2 Si0y= Six2.1393.
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Table 8. Variations of Namwongroundwater ingredient during the six-stage membrane separation process (NE2540-90)

ftom oH Na Mg K Si0y” Vv Ca 7n Al Se Fe Sr B Cr Mn Cu Cd Ba
ppm ppm ppm ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb  ppb  ppb
Wifgng;ﬂiw 588_5“ - - - - - - 1,000 200 10 300 - 200 50 - 1000 5 -

Raw water 7.7 80£221" 25:07 19:053 3037207 10.2+1.1 31204 4.3+145 1.620.9 <0.2 7.8+0.70 24.8+234 6.6+1.09 1.2+0.2 <0.2 <02 ND 0.80.23

7.8 6.64£0.3 243+0.10 3.19+0.11 36.4£2.54 1550.69 2.23£0.06 7.9+0.32 223+£0.13 <02  21.3%6.62 37.4+0.02 9.7£0.17 1.3£0.18 3.2#0.08 <0.2 ND 1.1%0.10

concentrat

congggtrat 76 7.29+027 292011 3.25%0.12 40.8+0.89 21.0+050 259+0.07 11.7+0.83 3.80+0.97 <02  27.3+7.75 43.0+250 10.3x0.47 1.6£0.06 3.7+0.10 <0.2 ND 1.4%0.09
concentrat 16 897033 3.30+0.10 4.13£0.09 49.7+1.02 29.9+0.79 3.01+0.11 152+0.61 4.38+2.12 <02  40.1#4.21 48.7+35 10.7#0.70 4.1+1.93 51£0.18 <0.2 ND 1.6%0.19
conélglltrat 7.7 1021045 3.81+0.15 4.65+0.21 58.0+0.91 34.8+1.29 3.45+0.13 17.9+0.68 502+0.09 05+0.09 36.1+1.99 565+0.39 11.4+0.72 2.6+0.14 6.1:0.22 <02 ND 1.7£0.16
congglltrat 75 1142040 4.28+0.11 528%0.17 67.5+1.67 41.3+1.58 3.88+0.12 19.4+0.71 6.72+16 0.6+0.03 47.7£0.8 64.6+0.75 12.3+0.23 3.1+1.05 7.0£0.07 <02 ND 2.1%0.14
concentrat /6 12.85¥0.39 4.80+0.18 5.86+0.20 80.3+1.06 50.8+1.53 4.35+0.13 20.640.32 8.14+2.18 0.7+0.03 60.5+4.49 74.7+1.26 1324024 3.6+0.68 85%0.23 <0.2 ND 2.3£0.31
perrlset:ate 78 036+012  <0.02  0.13+0.06 <0.05 0.8+0.04  <0.02  49%0.15 <0.2 <0.2 04£028 0.7+0.01 7.4%0.16 <02 <0.2 <02 ND <0.2
per2r1r11§ate 78  019+0.03  <0.02  0.047+0.04  <0.05 06+0.02  <0.02  3.9+0.07 <02 <0.2 05+0.03 05+0.01 46020 <02 <0.2 <02 ND <0.2
per%rlgate 7.7 0.50+0.21 <0.02  0195+0.10  <0.05 0.7¢0.02  <0.02  3.10.05 <0.2 <0.2 06+0.10  0.6+0.02 6.8+0.67 <0.2 <02 <02 ND <0.2
perzrlrtlgate 78 038+0.02  <0.02 0.138+0.09  <0.05 0.7+0.02  <0.02  2.6+0.06 <0.2 <0.2 05+0.07 0.6+0.01 6.5+0.07 <02 <02 <02 ND <0.2
per?rtlgate 75 049+022  <0.02  0.184%0.06  <0.05 0.7+0.03  <0.02  2.8+0.10 <0.2 <0.2 0.7£0.08 0.7+0.007 7.4+0.67 <0.2 <02 <02 ND <0.2
per%}éate 76 051098  <0.02  0.180+0.10  <0.05 05+0.05  <0.02  3.1%0.26 <0.2 <02 0.7£0.13  0.6+0.99 68096  <0.2 <0.2 <02 ND <0.2

Y Values are means + S.D. (n=3)

2 Si0y= Six2.1393.



Fig. 11. Variations of vanadium during the six-stage membrane

separation processes.
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Fig. 12. Variations of silica during the six-stage membrane separation
processes.
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Table A-1. Variations of Seogwipo groundwater ingredient during the six-stage membrane separation process
( Membrane module: RE2540-TE, Recovery ratio: 15%, TMP: 9 kg¢/cr, Temp.: 25+17C.)

Ttems Be B Mg Al \% Cr Mn Fe Co Cu Zn Se Cd Ce Pb U
ppb ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
Raw water 0.34 254 6.72 10.06 53.20 1.32 ND 0.04 ND 0.28 5.05 <0.2 ND ND <0.2 0.79
conesliae ND 202 1002 2019 7757 222 ND <05 ND 497 161 <0.2 ND ND <02 053
conehd o ND 20.1 1143 1825 9436 383  ND <05 ND ND 3.26 1.22 ND ND <02 065
conod e ND 192 1344 2435 10881 302 ND <05 ND 3.18 409 1.20 ND ND <02 080
conoth ate ND 211 1453 2698 12204 311 ND 8.66 ND 356 439 153 ND ND <02 089
concdh e ND 205 1712 3350 13767 392  ND 0.87 ND ND 499 1.29 ND ND <02 105
concth e ND 215 1918 3788 16509 247  ND 0.78 ND 0.15 6.16 1.43 ND ND <02 119
1st ND 17.3 0.001 1.19 0.79 0.54 ND ND ND ND <0.2 <0.2 ND ND ND ND
permeate
2nd ND 16.7 0.001 ND 0.95 0.51 ND ND ND ND <0.2 <0.2 ND ND ND ND
permeate
drd ND 180 0002 <02 <02 <05 ND ND ND ND <02 <02 ND ND ND ND
permeate
4th ND 189 0.003 <0.2 <0.2 0.81 ND ND ND ND <0.2 <0.2 ND ND ND ND
permeate
5th ND 20.2 0.005 <0.2 0.99 1.14 ND ND ND ND <0.2 <0.2 ND ND ND ND
permeate
6th ND 186 0.062 4.59 1.71 0.10 ND <0.2 ND ND <0.2 <0.2 ND ND ND ND
permeate
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Table A-2. Variations of Seogwipo groundwater ingredient during the six—stage membrane separation process
( Membrane module: BW30-2540, Recovery ratio: 15%, TMP: 9 kgy/cn, Temp.: 25+17C.)

Be B Mg Al \% G Mn Fe Co Cu Zn Se Cd Ce Pb U
ppb ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
Raw water 0.34 25.4 6.72 10.06 53.20 k52 ND 0.04 ND 0.28 5.05 <0.2 ND ND <0.2 0.79

Items

coneet e 051 2389 1226 145 7884 259 438 758 <02 <02 932 <02 ND ND ND 065

2nd . . ,
conehd e 051 2900 1488 1969 10699 280 3802 645 <02 <02 1100 <02 ND ND ND 083

concrd e 051 2705 1497 2033 9320 323 3813 558 <02 <02 967 <02 ND ND ND 103

4th .
coneh ate 068 3031 1710 2068 11112 260 4938 834 <02 136 863 <02 ND ND ND 114

5th o
concdb e 051 2915 1848 2411 12448 250 4729 693 <02 257 951 <02 ND ND ND 133

Conc6e%1trate 0.69 32.11 21.83 21.57 149.44 4.68 65.80 69.59 <0.2 2.65 13.04 <0.2 ND ND ND 1.35
Ist <0.2 6.68 0.008 1.22 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 ND ND ND ND
permeate
2nd <02 805 0003 <02 <02 <02 <02 <02 <02 <02 <02 <02 ND ND ND  ND
permeate
drd <02 863 0007 <02 <02 <02 <02 <02 <02 <02 <02 <02 ND ND ND ND
permeate
dth <02 791 0005 <02 <02 <02 <02 <02 <02 <02 <02 <02 ND ND ND  ND
permeate
oth <0.2 11.75 0.004 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 ND ND ND ND
permeate
6th <0.2 10.89 0.001 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 ND ND ND ND
permeate
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Table A-3. Variations of Ayum groundwater ingredient during the four-stage membrane separation process
( Membrane module: BW30-2540, Recovery ratio: 20%, TMP: 14 kg¢/cr’, Temp.: 25£1C.)

Be B A% Cr Mn Co Ni Ga As Se Sr Ag Cd Ba Pb U
It
ems ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
Raw water <0.2 17.68 46.58 6.32 4.1 0.14 0.40 1229 2.62 0.26 31.36 <0.2 ND 1.42 ND 1.17
Ist ; o o
conconirate <02 1990 5790 760 827 017 108 121 280 <02 4012 <02  ND 222 ND 096
cond te <02 2339 7594 980 558 0.17 111 1.24 391 <02 5131 <02 ND 264 ND 094
3rd " o = -
concalrate <02 2791 9905 1337 904 020 1.47 122 491 049 6691 <02 ND 353 ND 095
conch te <02 3173 13315 1689 1354 0.3 197 123 657 105 880 <02  ND 441 ND 098
Ist

permeate <0.2 8.12 1.23 0.34 <0.2 0.10 0.11 1.04 0.22 1.05 0.77 <0.2 ND <0.2 ND <0.2

2nd <02 900 139 034 <02 <02 <02 103 026 <02 082 <02 ND <02 ND <02
permeate
3rd <02 1000 098 030 <02 <02 <02 <02 030 <02 <02 <02 ND <02 ND <02
permeate
4th <02 1007 165 038 <02 <02 <02 102 020 027 099 <02 ND <02 ND <02
permeate
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Table A-4. Variations of Wahyul groundwater ingredient during the four-stage membrane separation process
( Membrane module: NF90-2540, Recovery ratio: 20%, TMP: 6 kgi/cnf, Temp.: 25£1C.)

Be B Mg Al K A% Cr Mn Fe Co Cu 7n Se Sr Cd Ba Pb
ppb ppb ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb

Items

Raw water 0.5 14.6 1.62 6.8 6.54 31.3 1.4 0.6 <0.2 <0.2 ND <0.2 0.5 32.5 ND 1.1 0.1

Ist . > ‘
conost e 03 150 205 63 78 371 17 21 51 <02 ND 02 06 394 ND 10 Ol

2nd y
concd o 03 173 253 94 979 467 26 20 61 <02 ND 19 05 51 ND L1 0l

conord . 03 187 324 107 1250 600 32 29 45 <02 ND 57 07 612 ND 14 01
4th ! ‘ ‘ , ( ‘

conoh ate 03 200 390 127 1494 716 41 36 83 <02 ND 61 06 741 ND 19 01

conh e 03 217 482 165 1839 89 51 47 86 <02 ND 122 06 906 ND 24 02
1st

permeate <0.2 5.8 0.015 <0.2 0.04 0.6 <02 0.5 <0.2 <0.2 ND 34 <0.2 0.7 ND <0.2 <0.2

2nd <02 63 0001 <02 004 05 <02 04 <02 <02 ND 09 <02 03 ND <02 <02
permeate

3rd <02 74 0003 <02 0080 05 <02 04 <02 <02 ND 02 <02 03 ND <02 <02
permeate
perh o <02 89 0001 <02 0068 05 <02 04 <02 <02 ND <02 <02 03 ND <02 <02
pee <0297 0003 <02 0104 06 <02 04 <02 <02 ND <02 <02 03 ND <02 <02
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Table A-5. Variations of Wahyul groundwater ingredient during the four-stage membrane separation process
( Membrane module: XLE-2540, Recovery ratio: 15%, TMP: 9 kgi/cnf, Temp.: 25+1TC.)

It Be B Mg Al K A% ©n Fe Co Ni Cu Zn Se Cd Ba Pb
ems
ppb ppb ppm ppb ppm ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb
Ist 0.67 19.45 793 713 9.61 66.28 1.74 1.12 0.68 2.21 ND 2.54 <0.2 ND 3.30 ND
concentrate
2nd 0.82 20.48 9.26 10.94 11.24 75.08 1.77 3.82 0.68 3.10 ND 354 <0.2 ND 3.80 ND
concentrate
3rd 0.67 21.78 10.76 13.98 13.21 87.93 2.07 6.95 0.71 st ND 3.07 <0.2 ND 4.69 ND
concentrate
4th 0.67 21.66 12.38 15.34 15.09 98.23 287 4.54 0.72 2.39 ND 3.16 <0.2 ND 5.04 ND
concentrate
oth 0.73 22.08 13.12 16.61 1591 101.68 2.10 14.85 0.69 2.66 ND 3.50 <0.2 ND 5.83 ND
concentrate
6th 0.67 24.03 14.85 21.07 18.29 123.84 2.82 6.10 0.69 3.29 ND 4.26 <0.2 ND 6.51 ND
concentrate
7th 0.67 26.79 15.80 21.86 20.28 120.32 2.86 14.27 0.71 3.06 ND 4.26 <0.2 ND 6.74 ND
concentrate
Ist <0.2 750 0.004 <0.2 0.058 0.96 0.29 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
2nd <02 893 0003 <02 0088 081 0.28 <02 <02 <02 ND <02 <02 ND <02 ND
permeate
drd <0.2 9.51 0.001 <0.2 0.101 0.81 0.30 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
Ath <0.2 11.29 0.004 <0.2 0.132 0.85 0.28 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
oth <0.2 11.42 0.005 <0.2 0.141 0.78 0.30 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
6th <0.2 11.94 0.032 <0.2 0.203 092 0.28 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
7th <0.2 12.81 0.028 <0.2 0.622 1.00 0.28 <0.2 <0.2 <0.2 ND <0.2 <0.2 ND <0.2 ND
permeate
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Table A-6. Variations of Ayum groundwater ingredient during the four-stage membrane separation process
( Membrane module: NF90-2540, Recovery ratio: 15%, TMP: 9 kgi/cnf, Temp.: 25£1C.)

Be B Mg Al K \% Cr Mi W CGo B §Gu 7n Se Sr Ni As Cd Ba Pb U

items
ppb  ppb  ppm ppb ppm  ppb ppb  ppb ppb ppb  ppb ppb ppb ppb ppb ppb ppb ppb ppb
Ist ’ T ; = o p
conconirate <02 1472 496 441 534 5592 681 108 <02 ND 191 <02 3559 026 28 ND 171 ND 026

2nd o 4 : s .
cond e <02 1557 576 494 622 6481 798 649 <02 ND 80l <02 4224 059 314 ND 18 ND 029

3rd . y . .
concentrate <02 1660  6.80 5.59 717 7654 887 167 <02 ND @ 14.49 <0.2 4887 0.79 3.38 ND 2.44 ND 0.36

4th . . . T . - . E
concentrate <0.2 17.01 797 6.31 8.41 88.89 1016 272 <02 ND 12.39 <0.2 57.07 1.00 3.82 ND 2.76 ND 0.39
5th . . G . - ; .
concentrate <0.2 1757 9.23 7.01 967 103.03 1210 7.13 <02 ND 13.22 <0.2 65.62 1.21 453 ND 3.14 ND 0.36
6th o . . . _ .
concentrate <0.2 1896 11.22 7.63 119 12581 1434 379 <02 ND 17.80 <0.2 79.96 1.56 5.65 ND 3.65 ND 0.37
Ist <0.2 864 0.024 <0.2 0.153 0.47 <02 <02 <02 ND <0.2 <0.2 0.22 <0.2 0.29 ND <0.2 ND <0.2
permeate
2nd <0.2  9.22 0.008 <0.2 0.717 0.37 <02 <02 <02 ND <0.2 <0.2 <0.2 <0.2 0.24 ND <0.2 ND <0.2
permeate
3rd <0.2 10.80 0.030 <0.2 0.201 0.43 WL <0 0% HND <0.2 <0.2 0.38 <0.2 0.28 ND <0.2 ND <0.2
permeate
Ath <0.2 1099 0.024 <0.2 0.261 0.54 <02 <02 <02 ND <0.2 <0.2 0.20 <0.2 0.26 ND <0.2 ND <0.2
permeate
oth <0.2 1217 0.031 <0.2 0.287 0.64 <02 <02 <02 ND <0.2 <0.2 0.20 <0.2 0.28 ND <0.2 ND <0.2
permeate
6th 0.852 0.037 <0.2 0.214 0.2 <02 <02 <02 ND <0.2 <0.2 <0.2 <0.2 0.24 ND <0.2 ND <0.2
permeate
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£ B2 HER F fed PruAY 5407
v= g
=44 9] | g | WHO 13 | 23 ‘»?3 %] 24 | A4 = | 2F AU 59 | =g
FE
Arsenic w/L | 50 10 | 50 10 50 7 50 10 50
Cadmium ng/L 10 3 5 10 5 2 5 5 5
Chromium pg/L | 5079 | 50 | 100 5077 5 | 50 | 50 | 50 | 50
Lead w/L | 50 10 | 15 50 50 10 10 40 50
Mercury ng/L 1 1 2 05 1 1 1 1 1
Selenium ng/L 10 10 50 10 10 10 10 10 10
Antimony e/l 5 6 2 10 3 10 10
Barium pe/L 700 | 2000 1000 | 700 | 1000” | 1000
Beryllium ng/L 4 10
Boron pg/L | 300 | 300 200 2000 | 3000 | 5000 | 1000
Molybdenum g/l 70 70 50
Nickel g/l 20 140 10 50 20 50 50
Silver g/l 100 10 100 10 10
Thallium g/l £
Ammonia (NH;" ) | mgL | 05 15 05 | 05 05 | 05
Nitrite(as NO, ) mg/L 3 1 0.1 3 01 | 01
Total NO; / NO, mg/L 10 10
Nitrate (as NOs ) | mg/L 10 | (B0 | 10 (50) | (B0) | 45) 0 50
Kjeldahl nitrogen mg/L 1 1 1
Cyanide mg/L 0 007 | 02 0.01 005 | 008 | 02 | 005 | 005
Fluoride mg/L | 15 15 4 2 08 15 | 15 15 15 |07~15
Iodide mg/L 0.1
Asbestos MF/L 7
A 11 16 17 2 9 4 0 17 18 11 17 16

P) .. cq g
Provisional guideline value |,

MF : Million fiber
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o,
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N
MN

L d i
= 29 @9 | 3= | WHO 13 | 22 ‘»?3 =] 244 | 3 A | &5 | v
=
Organic chloro a)nmmdl)
(Chlorinated Alkanes)
Carbon tetrachloride ng/L 2 2 5 2 3 5
Dichloromethane wg/L | 20 20 5 20 4 50
1.2-Dichloroethane ug/L 30 5 4 3 50
1.11-Trichloroethane | ug/L | 100 | 2000” | 200 300
1.1.2-Trichloroethane g/l 5 6
(Chlorinated Ethenes)
Vinyl chloride g/l 5 Y, 0.3
1.1-Dichloroethene wg/L | 30 30 7 20 30
1.2-Dichloroethene(cis) | ug/L 50 70 40 60 5
1.2-Dichloroethene(trans) | pg/L 100 40
Trichloroethene ug/L | 30 707 5 30 30 30 50
Tetrachloroethene wg/L | 10 40 5 10 10 50
Tetrachloromethene ug/L 3
(Aromatic Hydrocarbons)
Benzene wg/L | 10 10 5 10 1 5
wg/L | 700 0 | 1000 600 300 | (24)
Toluene U0 (%)
wy/L | 500 50 | 1000 400 600 | (300)
Xylenes ar-8p (20)
K 2.4
|| T | B[
Styrene pg/L. D |10 30
(Chlorinated benzencs) 4~20) 4)
wg/L 30 10 300 80
Monochlorobenzene 10~12) (100) | (30)
. i wg/L 1000 | 60 1500 | 200
1.2 - Dichlorobenzene 1~ 1 | 3
1.3 - Dichlorobenzene ug/L (20)
! wg/L 30 Is) 300 40 5
14 - Dichlorobenzene () 03| @
Trichlorobenzenes(Total) | # L (5?5)) (l7§4) (350)
Al 10 18 20 0 10 4 0 3 18 12

Y 111~ Trichloroethane, Trichloroethene, Tetrachloroethene, Dichloromethane?] % 7

) .. . .
Y’ Provisional guideline value
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=3

B4 MEE 3 a5yaze $47%
v = qE
=49 9] |gk=| WHO e zjzé 24| 94 = | IF (AU 59 (==
Trihalomethane wg/L | 100 100 100 100 | 250 | 350
Chloroform ug/L | 80 200 60
Bromodichloromethane| pg/L 60 30
Dibromochloromethane | pg/L 100 100
Bromoform 1g/L 100 90
(’(Erif}ilairili:f;:ichsfdc) we/L 10g 0 20
Dibromoacetonitrile 1g/L 100"
Dichloroacetonitrile ug/L 90" 80
Trichloroacetonitrile | pg/L 17
Chloroacetic acid wg/L 150
Dichloroacetic acid ng/L 50" 40 100
Trichloroacetic acid ng/L 100" 300 100
Formaldehyde g/l 900 80 500
(C;;axg/os;en chloide g/l 70 0
2 - Chlorophenol g/l 01~10) 300D
2.4 - Dichlorophenol g/l 03~40) 20003)[ 0003)
246 - Trichlorophenol | 1/L 2002~300) 20(2) | 5(2) 10
Monochloramine mg/L 3 3(0.5)
Chlorite /L 200" 0.3
Bromate /L 25" 20
Chlorine mg/L 506~1.0) 1 5(0.6)
Chlorine dioxide mg/L 1(0.4)
Al 2 19 110 5 5 1 1 15 3 0 1

p)Provisional guideline value

V" Aesthetic guideline value
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% B5 HER 3 AN gBude £ANE
H] = g
=44 @9 | gk |WHO WA A= | =2F (AU 549 (=g
12} | 22k A | A
i
15 15 15 S| 15
Color = 5 15 5 20 0.5m
TCU HU | TCU mg/L
4 15= )
Turbidity NTU| 05 5 2% 1= || 5 1(5) | ERM
AN AN
. } (3 . .
Odor (12T, 25) M| 73 3|73 ton) (- 3| 53 | 754 |2, 3|2 3)
on
Taste (12T, 25) SN E| H1 el (=, 3)| Fvl | 7] 2, 3)
58~ 6.5~ [#58— 55~ | 65~ | 65~ | 65~ | 65~
pH | ! 75 b
85 85 | 86 95 85 35 95 90
Temperature T 25 15 25 25
Dissolved Oxygen >85%
. H] -
Corrosivity - Ry 30, %0,
Conductivity
uS/cm 1500 2000
(20, 25)
.. 30
Alkalinity (France) mg/L 25%
o] A+
Total dissolved solids | mg/L | 500 | 1000 500 | 500 30~200] 1500 | 500 | 500 1500
Total Hardness 60
mg/L | 300 300 10~100 200 1501
(France) ol A
Calcium mg/L 250 400 -
Magnesium mg/L 50 50 50
.. 006~
Aluminium mg/L | 0.2 0.2 02 0.2 0.2 0.2 0.2 0.2
Copper m/L| 1 [2P)] 13 ] 1 1 3 ]2 1 3 1
Tron mg/L | 0.3 0.3 03] 03 0.2 03 | 03 02 | 02
0.5
Manganese mg/L | 0.3 |03°01) 0.05 | 0.05 0.01 | 0.05 01 0.05 | 0.05 | 0.05
Zinc mg /L 1 3 5 1 5 3 5 5 5
Sodium mg /L 200 200 150 300 200 | 150 | 150
o : : (180 | -
A 17 12 1 13 16 0 12 28 17 16 23 25

HU: Hazen Unit
" Provisional guideline value
) Aesthetic guideline value
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(A1)

w = A
24 94 | @5 |[WHO o 9% | 2% || 59 |zgs

12 | 23 - A A
Potassium mg/L 12 12 12 12
Chloride mg/L | 250 | 250 250 | 200 400 250 | 250 | 250 200
Sulfate mg/L | 200 | 250 250 250 |500(20)| 500 | 240 250
Hydrogen sulfide mg/L 0.05 0.05 | 0.05 0
Carbon dioxide mg/L 20
Phosoh (P00 mg/L .2, 6.7 5

osphorus(P205
P ’ (As P) (AsTO)

Permanganate value mg/L | 10 10 3 5 5 5
Phenols 1e/L 5 % 5 0.5 0.5 0.5
Foaming agent mg/L | 05 05 102 0.2 0.2 0.2
Total organic carbon mg/L Normal
Dissolved hydrocabons | mg/L 0.01 0.01 | 0.01
(minernal oils)
Substance extractable mg/L 1 1
in chloroform
2-methylisoborneol ug/L 0.02
Geosmin /L 0.02
Permanganate value mg/L | 10 10 3 5 5 5
Phenols /L 5 - 5 0.5 0.5 0.5
Foaming agent mg/L | 0.5 05102 0.2 0.2 0.2
Total organic carbon mg/L Normal
Dissolved hydrocabons | mg/L 0.01 0.01 0.01
(minernal oils)
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(A1)

u| = SR
i 2}
=49 @9 WHO e 9% | 25 A S
12 | 22 - A | A N
Substance extractable mg/L
in chloroform
2-methylisoborneol 1ng/L 0.02
Geosmin 1g/L 0.02
% B6 MEgE B4R 4%
0l =
2 2
4 WHO BES 3 F AU S 9| Zds
K 13 | 23 3 A
Ll
Al 2 3 0 0 0 7 6 2
G Iph tivit bq/L 0.1 12 0.1 ;
ross alpha activity q/ 4 . 2 .
(v67y) (pCyL)
Gross beta activity |nrem/\d b/ | 4 05/ 30
R 226 + R 228 pci/L S
R-226 bq/L 0.5 1
R 228 ba/L 0.5
Cesium-137 ba/L 50
Todine-131 ba/L 10
Strontium-90 bag/L 10
tritium ba/L 40,000
Uranium pg/L 20" 20 | 100
Radon ba/L 100
U ified aand
n.spea aand £ mSv 01
emitter

1) . .
Proposed guideline value
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