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Nitrate Nitrogen Pollution in the Ground Water
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Abstract

In order to study on nitrate nitrogen pollution in the ground water, analysis of ground
waters were carried out at 117 sites of Busan, for four years, from 1998 to 2001.

The range of nitrate nitrogen was 0.1~19.3mg . in all sites, and 17 sites were detected
over drinking water standards(below 10z .) and the concentrations were higher than that
of tap water and natural mineral springs in Busan. We can not find out any
correlationship between the concentration of nitrate nitrogen and the depth of ground water
but a good relationship was shown with chloride concentration.

Nitrate nitrogen concentration of a flat and densely populated area was higher than that
of steep gradient and high altitude area. It seems that leakage of domestic sewage is a
source of ground water pollution. Deeply digging ground water is not benificial in the
water quality and quantity because soil layer is very thin as a matter of geology of
Korea.

Readjustment of sewer is necessary to improve water quality of urban ground water.

Key Words : nitrate nitrogen, ground water, depth
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Table 1. Analytical methods and instruments

Parameters Unit Experimental method

NH, —N mg/l. | Phenate Method

- - 92— Ion Chromatographic Method
NO3 =N, CI'. SO47 | me/L | i rs 600K, SYCAM

Atomic Absorption Spectrometric Method
: Varian SpectraAA—400

Zn, Cu, Pb, Cd mg/L

Hardness mg/L | EDTA Titrimetric Method

KMnO4 Consumed mg/L | Titrimetric Method
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Table 2. The location of sampling sites

No Site Address Gu D(enlj;h Al?l;L;de
1 Sunmin Church Woo Haeundae 110 30
2 Dongbaek Middleschool Jung ” 235 50
3 Jangsan park Jwa ” 130 30
4 Bansong 2dong Bansong ” 167 100
5 | 3 Battalion down " " 165 120
6 79 APT Jaesong ” 174 30
7 Haeundae Highschool Woo " 40 40
3 Shindong Beach " ” 120 50
9 Royalsence Village " ” 105 40

10 Samjinmarina APT " " 100 50

11 Samjingreen APT ” " 100 10

12 El%?iusrtlgiil? Highschool ! ! 140 40

13 Samhwan APT ” " 150 20

14 Mama Villa Jung ” 70 40

15 Dalmagiwoosung Villa " " 150 130

16 Dusandonguk APT Jwa " 230 50

17 Dongbu APT ” " 100 40

18 Byuksan 2 APT " " 100 50

19 Byuksan 1 APT ” " 150 40

20 Youngnam APT " " 100 70

21 Samsung APT " " 150 40

22 | Kolon APT(1) ” " 130 30

23 Kyungnam APT " " 60 50

24 | Kolon APT(2) " " 130 30

25 Buheung Middleschool " " 150 40

26 Kunyoung 1APT(1) " " 150 40

27 Sangrok APT ” " 70 50

28 {?\gggg&g—for—age hall ! ! 150 30

29 | Daewoo 1 APT ” " 150 100

30 | Saemaul Safe ” " 150 120
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No Site Address Gu D(erggh Al?r;%de

31 | KyungnamSunkyung APT Jwa Haeundae 100 90

32 | Kunyoung 1APT(2) " " 150 40

33 | Daelim 1 APT " " 100 40
Seabottom : ,

34 Relay station Songjung l 90 10

35 | Kumsadaewoo APT Banyeo " 180 20

36 | Banyeohyundai 3 APT ” " 150 150

37 | Edendongsan APT " " 250 150

38 | Hyundai APT " ” 150 180

39 | Banyeo Elementaryschool " " 80 40

40 | Kunyoung APT Bansong " 180 90

41 | Kumsu Bath—house Jaesong ” 200 150

42 | Jangsan APT " " 150 220

43 | Glory APT " ” 240 160

44 | Kumho APT ” " 150 70
Mangmi .

45 Elementaryschool (old) Mangmi | Suyoung 12 20
Mangmi

46 Elementaryschool (new) ! ! 150 20
Suyoung

AT Elementaryschool Gwangan ! 150 20

48 | Gwangan APT " " 31 30
Gwangan Girl , ,

49 | Middleschool / ’ 30 10
Suyoung , ,

50 | Middleschool / ’ 150 20
Officials

51 Training Instiute Gwangan | Suyoung 350 40
Haeundae ,

52 Educational Institute Namcheon ! 150 40

53 | Youth Trainingcenter " " 310 180
Busan Girl Commercial . )

54 Highschool Mangmi 150 110

55 | Namil Highschool " " 150 80

56 | Donga Middleschool " " 125 70

57 | Jungang Church Namcheon " 400 50

58 | Chunga Bath—house Suyoung " 150 20

59 | Samsung APT Mangmi " 100 70

60 | Hansin APT " " 100 90
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Table 2. continued

No Site Address Gu D(erg)th Alt(lrtn%de
61 | Hyundaihanuri APT Mangmi | Suyoung 150 80
62 | Hyundai APT " ” 150 20
63 | Haesu Bath—house " " 100 20
64 | Gwangwon APT " " 200 40
65 | Gwangan APT " " 110 30
66 | Dongsanwon Gwangan " 150 30
67 | Chungsan Bath—house ” " 130 30
68 | Okryon Temple Minlak " 150 70
69 | Choryang Elementaryschool | Choryang Dong 145 50
70 | Busan Middleschool ” " 170 40
71 | Seo Middleschool Sujeong " 202 60
72 %ﬁlfgr%qaer;l%aryschool ! ! 60 20
73 | Yukwoo Bath—house ” " 50 30
74 | Tae—A Motel ” " 80 20
75 | Guibin Motel " " 84 20
76 | Kyunghee APT Sujeong Dong 130 90
77 | Dongsin Bath—house " " 110 60
78 | Nakeon Bath—house ” " 80 30
79 | Saemaul Safe " " 200 30
80 | Nakwon House " " 54 30
81 | Dongne Bath—house " " 100 50
82 | Baekcho Bath—house " " 140 40
83 | Euksu Bath—house ” " 20 60
84 | Sujung Greenvilla " " 20 70
85 | Daedong Mansion Dongwang| Chung 273 50
86 E?esnlientaryschool Bosu ! 80 40
87 | Bosudong Office " " 290 30
88 | Euksu Bath—house " " 70 30
89 IEI?gsla]rslclhnocgistrial Daeyeon Nam 78 30
90 | De0kpo , ’ 70 20

Elementaryschool
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No Site Address Gu Depth Altitude
(m) (m)
Civil Defence
91 Educational Center ! ! 150 30
92 Solbat Yongho " 80 20
Yongho
93 Elementaryschool ! ! 21 20
Unsan
94 Elementaryschool ! ! 185 60
Munhyeon
95 Elementaryschool Munhyeon ! 96 50
96 | Yaksu bath—house Daeyeon ” 200 30
97 | Newbando Bath—house " ” 120 30
98 | Jangbaek APT " ” 150 80
Daeyeon green
99 Commercial Apt ! ! 200 80
100 | Daeyeon Church ” " 102 30
101 Oyang Yangi APT Daeyeon Nam 98 40
102 | Dongil APT " ” 150 30
103 | Dongbo Villa " " 100 40
104 | Gaman Bath—house Gaman ” 90 20
105 | Shinseong Bus " ” 80 20
106 | Gwangwon APT Munhyeon " 120 80
107 | Jungwon Bath—house ” " 150 30
108 | Munhyeon Bath—house ” " 100 20
Daeyeon
109 Elementaryschool Daeyeon ! 80 40
Baekun
110 Elementaryschool Yongho ! 8 50
111 Yongho Middleschool " " 100 20
Yongsan ) ”
112 Elementaryschool 60 20
Busan Business ”
113 Training Institute Yongdang 100 50
Gaman Girl ,
114 Middleschool Gaman 70 70
Sungi Industrial ,
115 Highschool Uam 180 50
Munhyeon Girl )
116 Highschool Munhyeon 80 10
Sungdong
117 Elementaryschool ! ! 60 10
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Table 3. Mean concentrations of NO3 -N in altitude range

Altitude Range (m) NO; —N (mg/L)

0 ~ 50 5.8
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Site No. NO3; =N (mg/L) Site No. NO3 =N (mg/L)
2 3.7 89 7.3
7 4.7 90 15.7
12 3.7 93 5.5
39 1.6 94 7.6
45 8.3 95 7.9
47 11.5 109 9.0
50 8.0 110 5.2
54 6.5 111 8.3
55 8.5 112 3.1
56 7.5 114 16.4
69 9.1 115 0.4
70 17.9 116 9.7
71 19.3 117 15.0
72 16.9
36 12.6 Average value 8.95

- 220 -



ELGEAA(NOs—N)O| 2Bt K|t 20| et &7

Table 4-2. Mean concentrations of NOs -N in apartment area

Site No. NO3 =N (mg/L) Site No. NO3 =N (mg/L)
6 4.6 36 2.3
8 5.1 37 0.9
9 6.3 38 2.0
10 2.4 40 0.1
11 4.4 42 0.7
13 5.9 43 1.6
14 5.0 44 4.4
15 1.0 48 0.2
16 2.9 59 6.1
17 0.7 60 4.6
18 0.8 61 9.0
19 1.0 62 6.3
20 1.4 64 4.7
21 0.9 65 4.8
22 2.5 76 8.1
23 0.9 84 12.2
24 2.5 85 1.3
26 0.2 98 1.0
27 1.2 99 1.2
29 3.1 101 9.4
31 1.0 102 6.7
32 0.2 103 7.8
33 2.0 106 9.9
35 7.0 Average value 3.58

Table 4-3. Mean concentrations of NO3 -N in bath house & hotel area

Site No. NO3; =N (mg/L) Site No. NO3; =N (mg/L)
41 2.0 81 4.5
58 5.9 82 18.9
63 4.5 83 18.3
67 7.8 38 6.5
73 11.3 96 0.2
74 2.7 97 4.9
75 1.4 104 14.9
77 12.0 107 5.1
78 15.4 108 9.6
380 8.5 Average value 38.13
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HH (Appendix)

Range and mean concentrations of inorganic constituents

in the ground water at each sites

Ot NOs =N [NH N | ¢ | SO Cgﬂgmgéd Hardness 7n Cu Pb | Cd

ge | @D | gL | gL | (el |G| meD | (el (mgl) | (ng/L) | (mg/L)
| | 09~42] ND [13~0| 5~14 | 03-0.9 | 73-88 |0.122~0340[ D ND | ND

9 | D | 32 | a0 0.5) 81) 0.231) (\ND) | (\ND) | (ND)

5 |12°90| ND [20~70] 80~35 | 03-09 | 56~80 |0.164~0.166| ND~0.023 | ND | ND

BD | D | U | @) 0.5) (68) 0.165) | (0.010) | D) | (ND)

5 |08-03[ ND[10~29] 26~31 | 03~0.6 | 74~79 [0019~0.020[ ND ND | ND

36 | D | @3 | G0 0.4) (77) (0.020) (\ND) | (\ND) | (ND)

4 |ND-05 | ND |10~15|125~163| 0.3~04 | 167~200 (0.090~0.098| ~ ND ND | ND

03 | D | 13 | 153 | ©3 | @0 | (0.093) (\ND) | (\D) | (ND)

5 [04-08| ND [ 6~7 | 16~18 | 03-04 | 35~45 [0.006~0.018] ND ND | ND

06 | ™D | @ | 1D 0.3 (40) 0.012) (\ND) | (\ND) | (ND)

6 | 36~LT[ ND[31~39] 17-20 | 03~0.9 | 70~71 [0037~0.089] ND ND | ND

@6 | (\D | 35 | Q9 0.5) (71) (0.063) (\ND) | (\ND) | (ND)

7 | 42-48[ ND[41-58] 56~86 | 0.6~10 | 184~186 [0022~0.036]  ND ND | ND

@n | aNp | 60 | @1 07 | (185 | (0029 (\ND) | (\ND) | (ND)

g | 48-54| ND [25~62| 40~46 | 0.3~0.9 | 140~150 [0.028~0.080[  ND ND | ND

GD | OND | 44 | (3 06) | (145 | (0.029 (\ND) | (\ND) | (ND)

g |53-74[ ND[45-T6] 40~53 | 0.3~0.9 | 143~145 [0298~0.348]  ND ND | ND

63 | O\D | 6D | @7 06 | (144 | (0323 (\ND) | (\ND) | (ND)

10 | L0-34] ND[26~77| 22-31 | 03-09 | 94~105 [0.018~0.022] D ND | ND
@4 | D | 62 | (2 06 | 100 | (0.020) (\ND) | (\ND) | (ND)

11 |33-63] ND [36~70] 46~60 | 0.3~L9 | 92~115 [ ND~00I3 | ND ND | ND
@4 | N\ND | 6G8) | (53 08 | (104 | (0.008) (\ND) | (\ND) | (ND)

19 | 3341 ND |22-65| 13-22 | 03-0.9 | 96~100 [0.060~0.068|  ND ND | ND
BD | D | 68| a8 0.5) (98) (0.064) (\ND) | (\ND) | (ND)

13 | 4874 ND[50~90| 74~84 | 0.3~19 | 170~196 [0.072~0.178]  ND ND | ND
G9 | D | 70) | (79 09 | (183) | (0.125) (\ND) | (\ND) | (ND)

14 | &7-56] ND [ 35~60[ 22-31 | 03-09 [121~125 [0019~0.025] D ND | ND
GO | (ND | @) | @) 06 | 123 | (0.022 (\ND) | (\ND) | (ND)

15 |06~16] ND [15~60| 2-3 | 03-09 | 69~73 [0.198~0.980] ND ND | ND
0 | D | BY | @ 0.6) (71) (0.564) (\ND) | (\ND) | (ND)

16 | 2234 ND [15~35| 21~23 | 03-06 | 64~72 [0.017~0.092] D ND | ND
29 | "D | @) | © 0.5) (68) 0.055) (\ND) | (\ND) | (ND)

17 |05-10] ND[15~40[ 17-32 | 03-0.9 | 61~78 [0.009~0.080]  ND ND | ND
07 | "D | @) | 25 0.5) (70) (0.020) (\ND) | (\ND) | (ND)

13 | 06~09 ND [10~22| 20~23 | 0.3~12 | 82-83 [0.018~0027[ ND ND | ND
08 | (\D | a6 | ©2 0.7 (83) (0.023) (\ND) | (\ND) | (ND)

19 | 05~L8 ND [3i~40[ 15~36 | 0.3~09 | T10~111 [0.041~0.047[  ND ND | ND
0 | O\D | B0 | ©6) 05 | 11D | (0044 (\ND) | (\ND) | (ND)

o0 | 12-16| ND[18-36] 25~30 | 0.3~0.6 | 8I~122 [0022~0.080[ ND ND | ND
) | oD | @) | ©8) 04 | 102 | 002) (\ND) | (\ND) | (ND)

o1 |03-131 ND [21~54] 13~39 | 03~11 | 60~69 |0012-0.024] ND ND | ND
09 | O\D | B6) | (©6) 0.7 (65) 0.018) (\ND) | (\ND) | (ND)

o9 |L1-39 | ND [21~43] 25~85 | 03~15 | 60~105 [0.016~0.044| ND ND | ND
25 | aND | 32 | (61 0.7 (87) (0.030) (\ND) | (\ND) | (ND)
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Appendix continue
s Noy N NN | o | s0 | MO rgness|  7n Cu Pb | Cd
go \| @WgL) | (gl) | (ngl) | (nglL) Cogfg/“ﬁe mgl) | (gl (mgl) | (mgl)| (nglL)
93 [03~15] ND [4~10[ 3~6 [ 03~09 [ 13~15 [0.022~0.030] 0.009-0015 | ND | ND
0.9 (ND) ) 4) 0.6) (14) (0.026) 0013 | (\D) | (\ND)
oy | 15~34] ND [16~61] 37~80 | 06~18 [ 80~110 [0.012~0.045|  ND ND | ND
2.5 (ND) | (39) (59) (1.0 92) (0.029) (ND) (ND) | (\ND)
o5 | 1243 | ND [33~47[ 30~32 [ 03~11 [ 92~121 [0.051~0.054[0.196~0.331| ND | ND
1.9 (ND) | (40) (3D 0.6) (107) (0.053) 0.273) | (\ND) | (ND)
o6 |ND~03| ND [12-30[ 6~11 [ 0.3~06 | 31~33 [0.071~0539|  ND ND | ND
0.2) (ND) | (21) 9 0.5 (32 (0.305) (ND) (ND) | (ND)
o7 |05~16| ND [13~16[ 3~10 [ 03~09 | 41~42 [0050~0.13] ~ ND ND | ND
(1.2 (ND) | (15) 6) 0.6) (42) (0.102) (ND) (ND) | (ND)
o8 | 31-78] ND [39~36] 4~31 | 03-09 [ 88~97 [0.222~0330  ND ND | ND
(5.3 (ND) | (48) (18 0.6) 93) (0.276) (ND) (ND) | (ND)
o9 |21-38] ND [10~21] 3~7 | 03~12 [ 46~49 [0.098~0119  ND ND | ND
BD | D | 16 | ©) 07 | () (0.109) (\ND) | (\ND) | (ND)
50 |5:3-89] ND [22-23] 5~10 | 03-09 | 86~89 [0.099~01590.018~0.032| ND [ ND
75 | O\D) | @) | ® 05 | @®) (0.129) 0022 | (\ND) | (ND)
o |02~18] ND [23~26] 21~57 | 03~14 [185~192[0.020~0024|  ND ND | ND
10 | ON\ND | @) | (9 08 | (189) | (0,022 (\ND) | (\ND) | (ND)
a9 | 01504 ND[11~33] 6~15 | 03-09 | 29~31 [0243~0995|  ND ND | ND
0.2 (ND) | (22) (1D 0.5) (30) 0.619) (ND) (ND) | (ND)
5g [06~35] ND [10~35[ 11~12 [ 03~09 | 42-51 [0019~0.021]  ND ND | ND
2.0 (ND) | (24) (12) 0.5) Y) (0.020) (ND) (ND) | (ND)
5y |34-891 ND [24-72[ 30~35 [ 0.3~09 [ 72~100 [0.029~0.083]0.028~0.085| ND | ND
6.6) (ND) | (48) (33) 0.6) (86) (0.056) 0.031) | \ND) | (\ND)
o5 5390 ND [31~41[83~106 [ 0.3~06 [166~180[0.113~0.233]  ND ND | ND
(7.0) (ND) | (36) (95) 0.4 173 0.173) (ND) (ND) | (ND)
a6 | 18~27| ND [14-17[ 17~29 [ 03~09 | 55~64 [0.025~0.108]  ND ND | ND
2.9 (ND) | (16) (23 0.7 (60) (0.067) (ND) (ND) | (ND)
o7 [07~12] ND [ 8~14 [ 14~20 | 03~09 | 52~65 [0018~0.023]  ND ND | ND
0.9 (ND) | (11) ) 0.5) (59) 0.02D) (ND) (ND) | (ND)
ag | 17-23| ND [12-17[ 21~25 | 0.3~04 | 75~85 [0020~0.026]  ND ND | ND
2.0) (\ND) | (15) (23) 0.3 (80) (0.023) (ND) (ND) | (ND)
ag |03~24| ND [ 6~14 [ 12~13 [ 03~04 | 51~57 [0013~0.014|  ND ND | ND
(1.6) (ND) | (10) (13 0.3 (54) 0.014) (ND) (ND) | (ND)
0 |ND-OT[ ND [ 4-5 [ 32~36 | 03-06 | 85~89 [0.006~0013|  ND ND | ND
0.1 (ND) (5) (34) 0.5 87 0.010) (ND) (ND) | (ND)
4 | 11729] N [11-38[ 27-31 | 0.3~0.4 | 89~114 [0.012~0.189] ~ ND ND | ND
20 | (\ND) | @) | (©9) 03 | 102 | (0.086) (\ND) | (\ND) | (ND)
o |02~15] ND [ 7-8 [ 5~6 | 03-06 | 29~32 [0.018~0085|  ND ND | ND
0D | D | ® | ® 05 | G (0.027) (\ND) | O\ND) | (ND)
43 | 13~18] D [26-27] 19~29 | 03-09 [106~127]0.139~0242|  ND ND | ND
16 | N\ND | @) | @) 07 | a1 | (.19 (\ND) | O\ND) | (ND)
44 |30-55] ND[35~40] 49~64 | 03~09 [141~147[0.040~0075|  ND ND | ND
4.4 (ND) | (38) (57) 0.5) (144) (0.058) (ND) (ND) | (ND)
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Appendix continue

constil N0, -N INHL-N| O | S0 cﬂfﬁé | Harcness| ~ Zn Cu Pb | Cd
qe N D) | (gl | GoL) | (ol) | T o) | ) | el | o) | el
5 |62-118] ND | 4661 | 64~79 | 06~16 |125~141[0174-023| ND | ND | ND
83| ND | G5 | 70| 09 | (3 | 0209 ND) | (ND) | (ND)
1 | L0715 | ND [2461 | 20~28 | 06~13 | 11-27 0071022 | ND | ND | ND
12" | aD |60 | @ | 07 | an | 0114 ND) | (ND) | (ND)
7 |81-166] ND | 29~53 | 26~37 | 03~04 |131~185]0017-0.039| ND~0015 | ND | ND
115 | D) | 69 | B9 | 03 | () | 0029 | 0009 | ND) | (D)
15 | ND~03 | ND [ 28~43[ 2~6 | 06~16 | 34~71 |0091-0.195] ND~0010 | ND | ND
02" | aD | @) | @ | 09 | 6D | 0116 | 0D | ND | ND
10 | ND-L4 [248~75[86-122] 29-35 | 1238 | 160172 0150220 ND | ND | AD
05 | @ | am | 6y | @y | ae) | 0142 ND | D | (D)
=0 | 4996 | ND [ 4245 | 1822 | 06-32 | 146~170] 0461~3580| ND | ND | ND
GO | ND | @ | a9 | a9 | ae | 2w N | D) | (D)
- | 4669 | ND 4333 [ 2026 | L6~41 | 525 |0024-0109] ND | ND | ND
GO | ND | @ | | ey | s | 005 ND) | D) | D)
=y | 2458 | ND | 344 | 2935 | 03-06 |165-207 | 0018=004 | ND | ND | ND
@y | D ey |G| 0 | asy) | 000 ND | D) | D)
=3 | ND-43 | ND [ 2474 | 35-39 | 06~13 | 81-150 [0026-0144| ND | ND | ND
Wy | D | @ ey | en | am | 0080 ND | D) | D)
cy | 4485 | ND[12-28 | -1 | 06~12 | 68~105 [001-0028| ND | ND | ND
65 | N | a8 | an | on | ® | 0o ND | D) | D)
= | 7199 | ND | 3245 | 20~39 | 0306 | 151-155 | 0032-0081| ND | ND | ND
®y | N |G | @ | 05 | a5 | 005 ND | D) | D)
=5 | 6495 | ND | 40~47 | 38~50 | 0306 | 157-169 | 0057-0382 | ND-00I3 | ND | ND
75 | D | 6 | ad | 04 | aed) | 0240 | 0o | aD) | D)
=7 | 0735 | ND | 4384 | 30~35 | 03-06 |114=152] 0014-0032| ND | ND | ND
9 | oD | 6D |3 | 04 | as) | o) ND) | D) | (D)
=g | 475 | ND[82~129] 25~45 | 06-16 | 57-120 [0012-0085| ND | ND | ND
9 | (D |0 | Gy | ay |60 | 0020 ND) | D) | D)
co | 4684 | ND | 11=16 [ 1017 | 03-06 | 81~85 |0061-0183] ND | ND | ND
6D | ND | a9 | a9 | 0 | ©) | 0100 ND) | (D) | (D)
60 | 3579 | ND | 1227 [ 1827 | 03-06 |119~148[0319-0928| ND | ND | ND
wo | D | ey | @) | 05 | am | 0480 ND) | (D | (D)
ol | TILT [ ND [ 253 | 1924 | 03-06 [106-119] ND~0033 | ND | ND | ND
@) | D | @) | | 04 | @) | ©00%) ND) | (D | (D)
6y | 5288 | ND | 3939 | 7793 | 06~16 |12~190] ND-057 | ND | ND | ND
63 | aD |GD | ©) | 0p | am | 003 ND) | D) | (D)
63 | 3758 | ND | 2745 | 56~62 | 03-06 |138~175| 0022-007| ND | ND | ND
45 | D |G |69 | 0 | as) | 003 N | D) | (D)
61 | 3665 | ND | 513k | 60~77 | 03~12 |167-I81[0023-0087| ND | ND | ND
4 | D |6 | 6 | 06 | am | 006 N | D) | (D)
65 | 3867 | ND | 6177 [83-102 06~10 | 154-221 [ 0099-0435| ND | ND | ND
@y | D | @ [ | 0 | e | 0266 ND | D) | D)
65 | 7397 | ND [ 49-60 | 6-12 | 03~06 | 102-115 | 00390135 [0008-0018| ND | ND
®y | ND | 6 | © | 0 | aon | o | 0o | D) | (D)
67 | 6686 | ND | 5155 | 4554 | 03-06 | 161-176] 0027-0049| ND | ND | ND
79 | D | 69 | G0 | 05 | a6 | (0039 ND | D) | (D)
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Appendix continue

sl NOy N [ NH-N| | i | Pb | Cd
de \| @D | (el | (el | @l |0 @l | (el | (el | Gel) | Gel)
68 50~115| ND | 31~40 | 15~18 | 0.3~0.6 | 97~113 |0.062~0.377 | 0.029~0.036

@) | oD | G | ( 05 | (100D | 148 | (00339 | (

)

69 550~11.2 | ND | 44~66 | 56~88 | 0.3~1.6 |165~199 |0.097~0.358 ND

9.1 (ND) (D) (77) 0.8) (178) (0.205) (ND) (
)

ND
ND
ND
ND
70 165~202) ND | 91~145| 34~39 | 0.3~1.6 |235~279 |0.094~0.264 | 0.010~0.026 | ND
179 | (\ND) | (110) 0.7 (257) (0.124) 0019 | (IND)

ND

ND

ND

ND

EEIEEEEIEEIEE

=

N

N
—
N

(19.3) (ND) 88) 63) 0.8) (257) (0.571) (ND) (
79 |14372011 ND 1 72~115 | 44~02 | 1.0~1.6 | 203~276 | 0.063~0.319 ND

(16.9) (ND) 88) (49) (1.3) (248) (0.147) (ND) (
73 |1L0~1L61  ND - 1109~119} 70~75 | 0.6~1.6 |269~282]0.019~0.046 | 0.012~0.020| ND
113 | \ND) | (112) | (73 (1.2) 277) (0.032) 0.016) | (ND)
74 | 26~28 | ND | 82~90 | 78~80 | 0.6~1.3 |225~233]0.100~0.128 ND ND
2.7 (ND) 84) (79) (10) (231) (0.108) (ND) (ND)
75 | 0.9~1.8 | ND - 1144~1491103~109| 1.3~1.8 |239~24410.069~0.203 | 0.010~0.013| ND
(1.4 (ND) | (146 | (105) (14) (247) (0.130) 0.012) | (ND)
76 | 6:679.6 | ND 1 39~110 | 24~44 | 0.3~16 |146~17210021~0214| ND~0012 | ND
8.1 (ND) (67) (36) 0.7) (163) (0.065) (0.008) | (ND)
77 | 94-137 | ND 1 68~107 | 42~57 | 0.3~16 | 251~274 ] 0.027~0.040 ND ND
(12.0) | (ND) 88) (52) 0.6) (260) (0.031) (ND) (ND)
78 13.3~209|ND~0.05| 24~106 | 31~84 | 0.6~2.2 | 12~80 |0.009~0.030 ND ND
(154) | 0.03) | (74) (76) (1.2) (33) (0.019) (ND) (ND)
79 12~25 | ND 2~10 | 12~58 | 0.3~1.6 | 3~45 |0.070~0.311|0.011~0.059| ND
(L5 (ND) 6) (36) 0.7) (20) (0.185) 0.035) | (ND)
g | 7295 | ND | 25~43 | 7~12 | 03~16 |118~150|0.014~0.029 | 0.012~0.029| ND
(8.5) (ND) (32) ©) 09 (137) (0.020) 0.022) | (ND)
g1 | 3059 003005 21~45 | 37~88 | 22~5.1 | 59~86 | 0.013~0.021| ND~0.031 | ND

(4.5) 0o) | (35 (53) (3.4) (69) (0.016) 0.013) | (ND)
go |17.7~21.2) ND | 71~86 | 46~05 | 0.6~16 |293~322)0.011~0.054 ND ND

(189 | (ND) 80) (50) 09 (308) (0.029) (ND) (ND)
gg |109~245 ND | 37~93 | 33~87 | 0.3~16 | 92~182 |0120~0.324| ND~0.027 | ND
(18.3) | (ND) (68) (64) (10) (133) (0.214) 0.013) | (ND)
gy | 7071781 ND | 34~83 | 23~69 | 0.6~22 | 85~181 | 0.014~0.268 ND ND

(12.2) | (ND) (57) (49) (15) (130) (0.100) (ND) (ND)
g5 | 06~21| ND 1~8 | ND~3 | 03~06 | 11~33 [0.025~0.057 {0.009~0.022| ND
(1.3) (ND) @ 1 0.4) (22) (0.039) 0.016) | (ND)

gg |100~15.7) ND | 32~74 | 57~81 | 0.3~13 | 83~430 |0.024~0.123| ND~0.024 | ND
(126) | (ND) (60) (70) 0.8) (274) (0.094) 001D | (ND)

N
—
=

6
(49

71 16.5~228| ND | 69~137 5?~367 0.3~1.3 | 221~280 | 0.333~0.992 ND
5

N
—

—
Nl

—
N’

—
N’

—
N’

—
=~

—
~

—
=~

—
N’

—
N’

—
Nl

—
Nl

—
N’

—
N’

g7 | L75.7 | ND | 50~115 1 5~27 | 03~0.6 | 35~65 |0.053~0.119 ND ND
3.7 (ND) (72) (16) 0.5) (50) (0.086) (ND) (ND)

gg | 9869 | ND | 60~110 | 29~44 | 0.6~34 |150~2450.025~0.080 ND ND
(6.5 (ND) (78) (36) (1.7) (191) 0.044) (ND) (ND)
gg | 6778 | ND | 50~54 | 28~40 | 0.3~0.6 |164~193]0.027~0.058 ND ND
(7.3) (ND) (52) (33) 0.5) (180) (0.044) (ND) (ND) | (

—
N’

£58|558|558|558|558|55|558|558|55|558|558|55|55|85|85|25|85

N’
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Appendix continue

KMnOy

COmstil NO,-N | NN | T[S0 consumed |TErdness| — 7Zn Cu Pb | (d
site (mg/L) (mgl) | (mgL) | (ng/L) (ng/L) (ng/L) (mg/L) (mgl) | (ng/L) | (ngL)
oo |138-171] ND [ 50~65 [16~I8] 0.3-06 |134~142]0.021~0038 | ND ND | ND
) | D) | 69 | an | 05 | 138 | 003 (D) | (\ND) | (ND)
o |122-168] ND [ 6375 [33~40[ 0.3-06 [216~255]0.031~0045 | ND ND | ND
142 | QD | 69 | GO | 04 | @38 | (0036 (D) | (\ND) | (ND)
gp | 13-32 | ND  [106~125[52-70] 0.6~10 [245-340] 0.246~0522 |  ND ND | ND
0.4) (D) | (1) | 6D | 0D | @9 | (0424 (D) | (\ND) | (ND)
g3 | 4367 | ND [ 96~107 [33-37] 0.6~08 |231-232]0.081~0085 | D ND | ND
(.5) (\ND) | 102 | @) | ©6 | 23D | (0083 D) | (\ND) | (ND)
gt | 59~1L5 [0.09-049] 33~55 [37-68] 0.3-14 [114~176]0.159~0084 |  ND ND | ND
76 | 03 | @9 | @ | 08 | (145 | (0214 D) | (\ND) | (ND)
g5 | 7880 | ND [ 71~79 [54~35] 0608 [244~255[0.702-0.982 | ND~0012 | ND | ND
(7.9 (\ND) | ) | 65| ©6 | 250 | (0842 (0.008) | D) | (\ND)
g6 | ND~03 | ND [ 57~68 [56~68] 06~16 |103~169]0.019~0033[  ND ND | ND
0.2 (\ND) | ) | 60 | ©9 | (136) | (0.026) (ND) | O\ND) | (ND)
g7 | 4257 | ND [ 75~76 |63-68] 0.6~13 | 242-256 | 0.030~0058 |  ND ND | ND
4.9) (\D) 7 | ©) | 08 | 49 | (0.045) (D) | (\D) | (ND)
g | N-21 | ND [ 15~45 [56~90] 0.6~16 |126~195 | 0.244~0658 |  ND ND | ND
(1.0) (\D) 3 || 1O | 159 | 0472 (D) | (ND) | (\D)
gg | ND-28 | ND [ 1826 [8-101] 0.6~16 |107-202 | 0410~0952 |  ND ND | ND
(1.2 (ND) © | ® | 1O | WD) | 0739 (D) | (\ND) | (\D)
w0 | 6278 [ ND [ 57-69 [32~33] 0.3-09 |198~210]0037-0.058 |  ND ND | ND
(7.0) (ND) B8 | 3| 05 | @6 | (0046 (D) | (\D) | (\D)
101 | 8998 [ ND | 6875 |42-60| 03~09 |221~236 | 0.048~0064 |  ND ND | \D
9.4) (ND) 7 | @ | 05 | @) | 005 (D) | (\D) | (\D)
102 | 5974 [ ND | 4457 |27-38] 0609 [ 133~134 [ 0.054~0.132 [  ND ND | \D
©.7) (ND) GD | 3| 08 | 13 | (0093 (D) | (\ND) | (\D)
103 | 6690 [ ND | 4656 |22-23| 03~06 |145~159 [ 0.025~0089 |  ND ND | \D
(7.8) (ND) GD | @) | 05 | 152 | (003 D) | (\D) | (\D)
l04 |185-163]  ND  [102-108[70~82| 06~09 | 12-257 [0.024~0061 |  ND ND | ND
(14.9) D) | (105) | @6 | 08 | (135 | 0043 (D) | (\ND) | (\D)
105 |15.9-165| ND  [105~110[72-73] 0.3-06 |254-269 | 0.040~0044 |  ND ND | ND
(16.2) D) | (108 | @) | 05 | @2 | 0042 (D) | (\ND) | (\D)
106 | 50-155 | ND | 14~64 |20-58] 03-06 | 72-96 |0.019~0072| ND ND | ND
9.9) (ND) 3 | 3| 05 (80) (0.039) D) | (\ND) | (\ND)
107 | 3468 [ ND [ 14~70 [16~61| 0.3~0.6 |233~249]0029~0086 | ND ND | ND
G.1) (ND) @) | 39| 05 | @D | (0033 ND) | (\ND) | (\D)
108 | 7O~I31 [ ND - [54~141 [33~90] 06~L3 | 64~382 [ 0.014-0.055 |  ND ND | ND
9.6) (ND) | (05 | 62 | (D | @23 | (0.035) (D) | (\D) | (ND)
100 | 83°96 | ND [ 7789 |17-20] 0.3~06 | 195~225 | 0.060~0.066 | 0090024 | ND | ND
©9.0) (\D) 8 | 19| 05 | @0 | (0063 0012 | (D | (\D)
10 | 4563 [ ND [ 225 [14~27| 03-06 | 67~116 | 0.012-0.083 |  ND ND | ND
(5.2) (\D) (23 | (0 0.4 99) 0.020) (ND) (ND) | (ND)
11 | 7987 [ ND [ 8234 [13~14] 03-06 |109~128 | 0.056~0.077 | 00L0-0041 | ND | ND
8.3) (ND) B || 06 | 119 | 067 0020 | (D) | (ND)
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Appendix continue

sl No-N | NETN | or | so2| KO T ress|  7n Qw | m|
consumed

je | 080 | e | Gel) [@el)| ) Gol) | oD | el | el | e

1.7~4.5 ND 45~52 25~48| 0.3~0.6 |115~129 | 0.103~0.150 ND ND | ND

(3.1 (ND) 49) | @7 0.6) (122) 0.127) (ND) (\ND) | (ND)

113 | 06-10 ND 13~100 | 7~16 | 0.6~1.2 | 59~147 | 0.038~0.095 ND ND | ND
0.8 (ND) 6D | 12 | 08 (103) (0.067) (ND) (ND) | (ND)

114 | 1497178 ND 64~82 110~12| 0.6~1.3 |201~214 | 0.056~0.058 ND ND | ND
(16.4) (ND) 73 | an | Qo (208) (0.057) (ND) (ND) | (ND)

115 | 0206 ND 31~34 132~42| 0.3~04 | 65~78 | ND~0.028 ND ND | ND
04) (ND) (33 | 6D | 03 (72) (0.014) (ND) (ND) | (ND)

116 | 9697 ND 93~59 135~46| 03~06 | 177~181 | 0.054~0.062 ND ND | ND
©.7) (ND) (66) | 4D | (05 179 (0.058) (ND) (ND) | (ND)

117 | Lo~181 ND 64~76 |45~75| 0.3~04 | 254~273 | 0.025~0.028 ND ND | ND
(15.0) (ND) (70 | 60) | (0.3) (264) (0.027) (ND) (ND) | (ND)

¥ () : mean value, ND : none detective
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