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Evaluation of 2-Methyl Isoborneol and Geosmin Concentrations of
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Mia-e Park’, Jung-joon Lee, and Hyoung-sub Choi

Gyeongsangnam-do Institute of Health and Environment, Changwon 641-825, Korea

Received September 25, 2014/Revised October 13, 2014/Accepted November 12, 2014

Geosmin and 2-methyl isoborneol (2-MIB) levels in tap water and source water were estimated by com-
paring algal species and populations for about one year from January to December 2013. The detected con-
centrations of geosmin ranged from the method detection limit (MDL) to 274.0 (£17.0) ng/L. The highest level
of geosmin was found in the source water of Jinyang-ho lake during the first week of August. The highest level
of 2-MIB was observed in the source water of Changam water intake station in September, in the range of
MDL to 386.0 (+46.0) ng/L. Myeongdong and Shindosi water supply plants in Kimhae and Yangsan had good
performance with as much as 100% removal efficiencies of odorous substances achieved in September, when
odorous substances usually reach the highest level during the year. Chilsu water supply plant was found to
require additional care to remove odorous substances because it had a similar level of 2-MIB with that of sec-
ondary drinking water regulations. Jinju water supply plant, which did not have activated carbon filtration and
ozonation facilities, showed a geosmin level of 40.0 (11.7) ng/L, higher than that of secondary drinking water
regulations. Cyanobacteria accounted for 47.9%, 48.3%, and 93.4% in Chilsu, Changam, and Mulgeum plants
when 2-MIB concentrations were between 56.0 and 386.0 ng/L in September. Standing stocks of the dominant
Microcystis aeruginosa were also found different depending on the sampling sites: Chilsu, Changam, and
Mulgeum showed 18,000, 6,400, and 4,150 cells/mL, respectively. Further studies will be needed to better
understand the mechanisms of 2-MIB microbial production because it is still not be clear if the dominance of
Microcystis aeruginosa leads to the highest level of 2-MIB directly.
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Fig. 1. Sampling Location of the running and source water.
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Table 1. Sampling sites of the purification plant and intake station

Site Water source Sampling point Investigation period

Chilseo
Changam River
Mulgeum

Jinyangho 1 from intake pipe, Jan. to Dec. 2013
Nodani Lake 1 from post-chlorination (Once or more a month)

Ugok
Gyodong

Underground water
Daesan £

Table 2. Analytical methods and instruments for each item

Items Analytical method & instruments
pH, Temperature pH Metter Method (Orion)
Dissolved oxygen (Nippon Denshoku, JP/WA-2200K)
electric conductivity pH Metter Method (Orion)
Algal Plate Count Method
Chlorophyll-a Absorptiometric analysis Method (UV/Visible Spectro-photometer (Uvikon 941 plus)
T-N, T-P Autometed Water Analyzer Method (BLTec, AACS-)
Geosmin, 2-MIB Gas Chromatography Method-MS (Agilent, 6890N/5973, GC-MSD)
TOC Autometed Water Analyzer Method (Elementar, Vario TOC CUBE)
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lysis of 2-MIB and geosmin

Compounds 2-MIB Geosmin

Conc. range (ng/L) 0.5~500 0.5~200
Linearity (r2) 0.999 0.998
Method detection limits (ng/L) 0.08 0.07
Limit of quantitation (ng/L) 0.26 0.22
Accuracy (%) 95.5 95.3
Precision (%) 3.5 2.0
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Fig. 2. Cell quantity of major algae types based on monthly data.
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Table 4. Cell quantity of major algae types based on monthly data
(Unit: cells/mL)
Mbolltlih Chilseo Changam Mulgeum Jinyangho Ugok Nodani Gyodong  Daesan
Jan Cyclotella sp. Cyclotella sp. Cyclotella sp. Ajfn;;fil IZZZM Asterionella  Synedra acus Encyonema ND
T 64.9%, 1,260 44.7%, 850 36.6%, 930 354 % 40 formosa 170 210 silesiaca 60

Feb.-1 Cyclotella sp. Cyclotella sp. Cyclotella sp. Cyclotella sp. Synedra acus AZZZZ;ZG E:ll?e/ gl_’;ecrga ND
51.4%, 940 65.3%, 4,170 56.5%, 3,380 52.3%, 460 31.9%, 150 18.6%, 80  41.2%, 70

Feb.2 Cyclotella sp. Cyclotella sp. Cyclotella sp. Cyclotella sp. Synedra acus Zi:zf’z;: Cymbella sp ND

T 79.3%, 5,720 72.9%, 5,300 73.1%, 6,880 69.1%, 1,210 36.8%, 140 45 9%g 230 70.3%, 450

Mar-1 Cyclotella sp. Cyclotella sp. Cyclotella sp. Cyclotella sp. Cymbella sp Cymbe}la sp Cymbella sp i

© 7 81.36%, 6,960 76.1%, 5,900 74.4%, 6,320 70.5%, 980  24.3%, 90  40.0%, 120 58.4%, 450

Mar.-2 Cyclotella sp. Cyclotella sp. Cyclotella sp.

% 84.5%, 13,600 70.4%, 7,080 75.7%, 6,620 ) ) ) ) )

Apr-1 Cyclotella sp. Cyclotella sp. Cyclotella sp. Cyclotella sp. Cyclotella sp. Azia(;o::;m Cymbella sp ND

"7 65.6%, 6,240 51.5%, 3,180 49.4%, 3,560 30.6%, 300 19.7%, 140 49 f%g 140 23.1%, 280

Apr-2 Cyclotella sp. Cyclotella sp. Cyclotella sp. i i i i

P 56.6%, 5,070 64.7%, 4,500 44.0%, 2,060

o J— . Aulacoseira
Fmgllarzc.z Fragllarlq Cyelotella sp Rhodomonas Dl.nobryon ambigua m Cyelotella sp.

May crotonensis  crotonensis 48.3%. 700 sp. divergens alis 61.0%. 500 ND

26.6%, 970  37.5%, 930 O 63.4%, 450 29.5%, 280 ., o
34.2%, 130
Pediastrum  Fragilaria ~ Rhodomonas Rhodomonas —Aulacoseira Aula‘cosezra Navicula s

June duplex crotonensis sp. sp. alpigena8d6.5% a’zbligrzillism 56.3% 90p " ND

30.5%, 320 17.5%, 520 29.0%, 970 49.6%, 660 , 2,800 P =
49.1%, 260
Aulacoseira  Aulacoseira  Aulacoseira  Cryptomonas —Aulacoseira  Aulacoseira Navicula s

July ambigua ambigua granulata ovata alpigena alpigena 308\1156;1 a 5 (g) " ND
33.3%, 100 24.4%, 410 28.0%, 260 16.0%, 240  56%, 140  50.9%, 550 o
Aphanizomeno  Microcystis ~ Microcystis Anabaena flos- Microcystis Crelotella s Scenedesmus

Aug.-1 n flos-aquae aeruginosa  aeruginosa aquae aeruginosa 5y0 0% 105) " ecornis ND

60.9%, 15,50047.8%, 12,540 27.3%, 4,450 35.9%, 2,560 68.3%, 950 = 88.9%, 960
Anabaena flos-
Cyclotella sp.
Aug.-2 - - - aquae 40.5% 320 - - -
71.0%, 5180 7
Microcystis ~ Microcystis ~ Microcystis Anabaena flos- Aulacoseira  Aulacoseira  Scenedesmus
Aug.-3  aeruginosa  aeruginosa aeruginosasp. aquae alpigena alpigena ecornis ND
58.3%, 18,800 52.2%, 6,400 43.7%, 4,150 49.0%, 2,100 26.0%, 200 48.4%, 300 85.7%, 960
Pseudanabaen Aphanocapsa Microcystis ~ Anabaena  Eutetramorus Aulacoseira  Scenedesmus
Aug.-4  a limnetica sp. aeruginosa crassa globosus alpigena ecornis ND
70.7%, 35,060 30.6%, 1,970 43.7%, 4,150 33.9%, 3,350 81.1%, 600 50.0%, 220 98.6%, 6,120
Aulacoseira  Microcystis  Aphanocapsa  Microcystis — Staurastrum Crelotella s Scenedesmus

Sep. granulata aeruginosa Sp. aeruginosa Sp. 52}9 4% 428' ecornis ND
23.3%, 3,360 41.7%, 12,60052.6%, 18,28077.0%, 17,800 74.1%, 1,000 " 45.7%, 160
Aphanocapsa  Microcystis  Aulacoseira  Aulacoseira  Staurastrum — Aulacoseira  Scenedesmus

Oct. Sp. aeruginosa  granulata alpigena Sp. alpigena ecornis ND
33.5%, 4,200 29.5%, 4,800 28.6%, 2,140 37.1%, 650 30.4%, 240 55.8%, 290 80.0%, 160
Aulqcosezm Aulqcosemz Rhodomonas Rhodomonas — Aulacoseira Rhodomonas
ambigua m. ambigua m. . Cyclotella sp.

Now. spiralis spiralis Sp- Sp- dlpigena 49.1%, 260 SP- ND
33.1%, 1,250 42.4%, 1,390 28.1%, 360 44.3%, 430 63.3%, 1,120 35.7%, 50
Aula.cosezm Aula.coselm Rhodomonas  Aulacoseira Aulacoseira

Dec ambigua m. ambigua m. o alpigena Cyclotella sp. ambigua Synedra acus ND

spiralis spiralis 92.9% 560 37.9%, 830 35.5%, 430 44.0%, 550 22.2%, 60

24.8%, 1,170 21.5%, 860
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Table 5. Concentration of geosmin and 2-MIB in source water
(Unit: ppt)
site Chilseo Changam Mulgeum  Jinyangho Nodani Ugok Gyodong Daesan
days 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos.
124 ND 18 ND 18 ND 18 ND ND ND ND ND ND ND ND ND ND
213 ND 10 ND 18 ND 12 ND ND ND ND ND ND ND ND ND ND
319 30 160 36 194 22 188 - - - - - - - - - -
43 ND 48 ND 51 ND 36 ND 15 ND ND ND ND ND 73 ND ND
416 34 91 27 63 ND 71 - - - - - - - - - -
5/8 4 11 2 11 ND 90 ND 33 ND ND ND 40 ND 21 ND ND
6/4 22 59 43 65 45 59 ND 24 ND ND ND 49 24 10 ND ND
710 24 27 ND 50 28 49 21 44 53 ND ND 13 ND ND ND ND
8/7 10 30 27 13 290 5.0 3 274 30 10 ND ND 30 1.0 ND ND
8/13 - - - - - - 51 217 24 1.1 - - - - - -
8/21 471 483 788 199 103 223 40 191 34 ND ND ND 27 ND ND ND
828 187 321 60 46 66 50 163 608 32 ND ND ND 21 ND ND ND
911 56 19 386 60 135 40 80 60 ND ND ND 3.0 ND ND ND ND
10/11 70 30 23 6.0 14 30 90 40 ND ND ND 10 ND ND ND ND
11/7 90 65 27 88 26 101 ND 53 97 ND ND ND 23 21 ND ND
12/4 38 28 84 16 90 21 ND 50 69 ND ND ND ND ND ND ND
Mean 128 112 364 78 208 69 36 377 27 04 02 12 11 12 ND 0
Max 56 483 20 199 135 223 163 274 9.7 11 2 49 30 73 05 04
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Table 6. Concentration of geosmin and 2-MIB in tap water

(Unit: ppt)
site Chilseo  Myeongdong  Sindosi Jinju 2 Nodani Ugok Gyodong Daesan
days 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos. 2-MIB Geos.
124 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
213 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
319 30 102 ND 15 ND ND ND 4.0 - - - - - - - -
403 ND 23 ND ND ND ND ND 14 ND ND ND ND ND 73 ND ND
416 45 59 ND ND ND ND - - - - - - - - - -
508 30 50 ND ND ND ND ND 37 ND 40 ND ND ND 71 ND ND
6/04 ND 20 ND ND ND ND ND 24 ND 17 61 ND ND 20 ND ND
7710 ND 24 ND ND ND ND 25 36 ND ND 3.0 10 26 ND ND ND
807 ND 20 ND ND ND ND 80 400 ND ND 22 1.2 20 30 ND ND
8/13 - - - - - - 3.2 188 - - - - - - - -
821 163 19 ND ND ND ND 55 270 ND ND 23 ND 30 22 - -
8/28 7.8 14 ND ND ND ND 72 50 ND ND 27 ND ND ND ND ND
911 190 10 ND ND ND ND 50 30 ND ND ND ND ND 20 ND ND
10/11 2.0 1.0 ND ND ND ND 80 30 ND 10 ND ND ND 20 ND ND
11/07 ND ND ND ND ND ND 26 18 ND ND 93 ND ND 12 ND ND
1204 22 ND ND ND ND ND ND 39 ND ND 64 ND ND 1.0 ND ND
Mean 39 23 02 01 ND ND 26 76 ND 06 24 ND 11 21 ND ND
Max 19.0 10.2 09 15 08 03 80 400 ND 40 93 1.2 30 71 ND ND
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Fig. 3. Variations of geosmin, 2-MIB, algae types and cell quantity in Chilseo.
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Table 7. Correlation matrix between environmental factors in Nocdong river and Lake water

River 2-MIB Geos. pH e DO H#zx =% = 7]gf Chlo TOC TN T-P
2-MIB 1

Geos. 0.128 1

pH 0.381 0.289 1

& 0340 0319 -0.030 1

DO -0.199 0.079 0.420 -0.166 1

% 0134 0.065 0.266 -0.262 0.579 1

=z 0477 0464 0412 0576 -0.166 0.178 1

Fx 0348 0545 0352 0522 -0.042 0.154 0.597 1

71gF  -0.127 -0.012 0.313 -0.465 0.360 0.009 -0.064 -0.212 1

Chlor. 0377 0.258 0.368 0.001 0.385 0.618 0.322 0.780 -0.051 1

TOC 0466 0.211 0.293 0.470 -0.218 0.038 0.346 0572 -0.139 0.574 1

T-N -0.286 -0.165 -0.083 -0.725 0.482 0.269 -0.520 -0.317 0.338 0.104 -0.316 1

T-P  -0.024 -0.097 -0.129 -0.207 0.029 -0.044 -0.197 0.243 -0.097 0.306 0.489 0.334 1

ij;z 2-MIB Geos. pH Fe& DO Fzx= =x% Y3z 7]g Chlo TOC TN T-P
2-MIB 1

Geos. 0.244 1

pH 0.282  0.666 1

F& 0498 0526 0.380 1

DO -0.002 0.114 0.476 0.160 1
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=% 0221 0.799 0476 0.636 0.017 -0.188 1

gz 0257 0252 0256 0432 0.195 0.057 0414 1

71} 0.097 0.022 0393 0.202 0.299 0.111 0.170 0.404 1

Chlor. 0432 0.747 0.644 0.630 0.143 0.003 0.852 0.583 0.308 1

TOC 0471 0.075 0.289 0.548 -0.142 0.140 0.137 0.269 0.389 0.324 1

T-N -0227 -0.254 -0.036 -0.478 0.257 -0.031 -0.252 0.018 0.049 -0.186 0.015 1

T-P  -0.085 -0.230 -0.062 -0.203 -0.015 -0.133 -0.241 0.008 0.083 -0.144 0.177 0.273 1
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