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Abstract

In this study, nitrogen (§°N) and carbon (§1°C) stable isotopes were applied to estimate the origin of organic pollutants
that trigger algal blooms in Andong Dam and quantitatively evaluate their contribution. Water, algae, sediment, fertilizer, soil,
and livestock manure samples were collected from the Dancheon Bridge, Togyestream, Donggyestream, Yeokgyestream,
Dosan Seowon, Dongburi, Seoburi, Yean Bridge, and Jujin Bridge, and from the reservoir areas of the Yeongju and Imha dam.
The isotopic ratios of livestock manure, fertilizer, and soil exhibited clear differences depending on the pollution source. The
isotope signatures of the water samples were similar to those of the chemical fertilizers, whereas those of the algal and
sediment samples showed strong similarities to cattle manure. Algal samples were mainly influenced by cattle manure at an
average level of 60-65%, whereas the contribution of chemical fertilizers was 35-40%. In particular, in the Yeokgyestream
watershed, the livestock manure contribution exceeded 70%, confirming that livestock-derived nonpoint source pollutants
are the dominant driver of algal blooms in Andong Dam.
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Fig. 1. Locations of water, sediment, soil, manure, and green algae sampling sites in the Andong Lake watershed.

Table 1. Sampling locations and abbreviations for water, soil, manure, algae, and sediment samples collected from the

Andong Lake watershed
Sample no. Sampling site Description
ADW-01-Ma Dancheon Bridge Nakdong River Main Stream
ADW-02-Br Togye Stream Hagae Bridge
ADW-03-Lk Dosanseowon Andong Lake Reservoir Area
ADW-04-Br Donggye Stream Taegok Bridge
ADW-05-Lk Dongbu-ri Andong Lake Reservoir Area
ADW-06-Lk Seobu-ri Andong Lake Reservoir Area
ADW-07-Br Yeokgye Stream Sasin 2 Bridge
ADW-08-Lk Yean Bridge Andong Lake Reservoir Area
ADW-09-Lk Jujin Bridge Andong Lake Reservoir Area
YJW Yeongju Dam Yeongju Lake Water
HW Imhwa Dam Imhwa Lake Water

*Ma: Main stream, Br: Branch, Lk: Lake
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Fig. 2. Field sampling of water, sediment, soil, algal bloom, and cattle manure. (A) Surface water sampling at a reservoir site,
(B) Water sampling at a tributary bridge, (C) Sediment sampling using a grab sampler, (D) Soil sampling in an adjacent
agricultural field, (E) Collection of algal bloom, (F) Cattle manure sampling.
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Table 2. Field measurement results of water of temperature, pH, DO, and EC for the 1st, 2nd, and 3rd sampling

Temp. (C) pH DO (mg/L) EC (uS/cm)
Sample no.
Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd Ist  2nd  3rd
ADW-01-Ma 19.80 24.00 23.84 8.44 7.10 8.25 10.98 11.53 9.64 222 142 161
ADW-02-Br 20.89  26.86 26.29 8.75 7.07 8.85 10.74 9.75 8.58 235 182 236
ADW-03-Lk 21.44 30.03 29.08 8.35 8.57 10.19 10.87 9.66 12.18 225 121 228
ADW-04-Br 17.02 24.78 25.38 7.47 6.77 8.78 8.34 10.73 8.48 247 151 191
ADW-05-Lk 21.20 28.36 27.81 7.74 9.16 10.02 11.67 11.39 10.78 233 123 190
ADW-06-Lk 21.29 30.61 28.82 7.45 9.95 10.18 11.81 12.64 9.95 214 190 192
ADW-07-Br 17.97 25.46 25.25 7.57 7.26 8.19 10.22 11.67 8.12 339 236 275
ADW-08-Lk 21.70 29.69 28.41 9.05 9.74 10.01 12.73 12.61 8.54 237 175 269
ADW-09-Lk 19.44 29.14 29.10 8.30 9.86 10.09 8.58 10.26 10.14 251 351 166
YJW-01-Lk - - 28.40 - - 10.27 - - 11.77 - - 186
YJW-02-Lk - - 28.12 - - 10.12 - - 11.97 - - 174
IMW-01-Lk - - 28.01 - 8.94 - - 8.78 - - 165
T AUEE 0PN £0.2% ©IH, §°C £0.1% ©IH 32.+4 EH
. 3.2.1. 8% $3($2, pH, DO, EQ)
Q5 545 B 59 Sl e S91914 24 _
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Table 3. Concentrations of T-N, T-P, and TOC for the 1st, 2nd, and 3rd sampling at sampling site
1st 2nd 3rd

Sample no.

T-N T-P TOC T-N T-P TOC T-N T-P TOC
ADW-01-Ma 1.391 0.007 0.1 1.417 0.058 0.2 1.521 0.105 0.1
ADW-02-Br 1.240 0.039 0.2 2.158 0.108 0.4 3.128 0.070 0.3
ADW-03-Lk 1.350 0.009 0.1 4.976 0.076 0.4 0.481 0.027 0.4
ADW-04-Br 1.417 0.017 0.2 1.481 0.078 0.4 1.412 0.015 0.2
ADW-05-Lk 1.713 0.005 0.1 1.958 0.041 0.4 0.427 0.021 0.3
ADW-06-Lk 1.653 0.018 0.2 1.234 0.037 0.4 0.349 0.022 0.4
ADW-07-Br 4.192 0.010 0.3 6.954 0.239 0.5 5.747 0.132 0.4
ADW-08-Lk 2.070 0.042 0.2 1.244 0.036 0.4 0.358 0.021 0.4
ADW-09-Lk 1.878 0.016 0.2 1.184 0.025 0.4 0.3006 0.017 0.4
YJW-01-Lk - - - - - - 1.247 0.034 0.4
YJW-02-Lk - - - - - - 1.240 0.024 0.4

Table 4. Stable isotope compositions §°C and §°N of soils, manures and fertilizers

Standard deviation

Sample no.  Sample deseription Leachate (freeze-dried) Solid (powder) (leachate vs. solid)
s5C 51N 515C SBN 550 55N
Ps-01 Yeokgyecheon -29.457 4.234 -27.937 6.367 1.07 1.51
Ps-02 Togyecheon -28.036 7.465 -27.464 9.223 0.40 1.24
Us-03 Yeokgyecheon -26.891 12.340 -25.472 11.666 1.00 0.48
Us-04 Togyecheon -23.898 10.505 -26.189 10.073 1.62 0.31
Ms-05 Yeokgyecheon -29.820 6.843 -27.421 3.840 1.70 2.12
Ms-06 Togyecheon -26.724 5.351 -24.133 4.242 1.83 0.78
Cw-01 Gusong-ri -24.044 12.434 -25.604 12.309 1.10 0.09
Cw-02 Yeokgyecheon -23.748 5.612 -25.108 6.668 0.96 0.75
Cw-03 Togyecheon -27.041 8.719 -26.665 9.832 0.27 0.79
Ck-01 Seoburi -23.901 6.684 -23.496 7.897 0.29 0.86
Ck-02 Yeokgyecheon -20.831 7.760 -21.524 5.326 0.49 1.72
Pg-01 Ocheon -18.523 19.194 -17.844 11.486 0.48 5.45
Of-01 Poongsan -20.498 11.710 -23.989 14.356 2.47 1.87
0Of-02 Hwangto -22.910 10.761 -25.655 12.795 1.94 1.44
Cf-01-Br brown color - - -26.540 4.898 - -
Cf-02-R red color - - -26.608 0.931 - -
Cf-03-G green color - - -27.072 3.871 - -
Cf-03-Bl black color - - -25.557 3.991 - -

Ps : Paddy soil, Up: Upland soil, Ms:

Chemical fertilizer

Mountain soil, Cw: Cow manure, Ck:

Chicken manure, Pg: Pig manure, Of: Organic fertilizer, Cf:
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Table 5. ¢'°C snd 8N stable isotope compositions of water samples from the Andong and Yeongju dam watersheds

Water sample (1st)

Water sample (2nd)

Water sample (3rd)

Sample no.

813C SN 813C SN 8¢ 8PN
ADW-01-Ma -9.400 -0.314 -11.821 8.007 -9.030 9.094
ADW-02-Br -10.978 3.863 -15.267 12.449 -12.175 9.553
ADW-03-Lk -4.861 8.593 -21.146 7.131 -21.751 9.553
ADW-04-Br -11.272 -0.197 -20.146 12.961 -17.889 10.459
ADW-05-Lk -9.757 -2.803 -15.098 7.428 -12.054 12.597
ADW-06-Lk -3.271 6.268 -22.770 6.536 -21.126 18.945
ADW-07-Br -7.541 20.364 -17.482 12.579 -12.427 14.696
ADW-08-Lk -4.389 12.825 -18.738 8.523 -19.561 5.033
ADW-09-Lk 3214 8.330 -16.579 6.373 -23.368 6.603
YJD-W 1 - - - - -20.278 11.460
YID-W 2 - - - - -19.997 12.703
3.2.2. GYHZ(TN, TP, TOC) E48 vttt oA f712a899] 71 444
TN, TP, TOC 24 A1} R oA -o] the 2| de] 28HHFry, 1988; Meyers, 1997; Costanzo
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Table 6. Carbon and nitrogen stable isotope compositions of water, algal bloom, and sediment samples

o Water sample Algal bloom sample Sediment sample

Sample no. Sampling site 3C SN 3C N 3C SoN
AD-05-Lk Dongburi -21.290 6.354 -22.186 6.369 -26.375 6.739
AD-06-Lk Seoburi -23.111 8.011 -22.674 6.506 -25.980 5.718
AD-08-Lk Yean Bridg -23.215 7.091 -23.214 6.369 -26.365 7.588
YJ-01-Lk Yeongju Dam 1 -19.743 10.508 -22.215 6.764 -26.375 4325
[H-01-Lk Imha Dam -15.413 8.499 -32.235 9.852 -26.983 8.426

-10.000

@ Water sample
15000 B3 Algal bloom sample
' A Sediment sample @ imha Dam
-20.000 ® Yeongju Dam 1
rk\) Yeongju Dam |
w Vi Don bdur eoburi
-25.000 £dn Dl
ha Dam
Yeongju Dam 1
130,000 gl Dongburyean Bridg
X Imha Dam
-35.000
1.000 3.000 5.000 7.000 9.000 11.000 13.000 15.000
61°N

Fig. 3. 0'3C and 6PN stable isotope compositions of water, algal bloom, and sediment samples at the same sites.

Lndle] olsf) dgd 4= glom, o8 Fofl 7 L9 d9 (Phillips and Gregg, 2001).
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Table 7. Contribution rates (%) of potential nitrogen sources of chemical fertilizer, manure, and organic fertilizer to water,

algal bloom, and sediment samples

Sample o Water (1st) Water (2nd) Water (3rd) Algal bloom Sediment
Sampling site
No. Ccf Ma Of cf Ma Of cf Ma Of cf Ma Of cf Ma Of
ADW-01-Ma Dancheon Bridge 100 - - - 974 26 - 723 2717 - - - - - -
ADW-02-Br  Togye Stream 100 - - - - 100 - 61.6 384 - - - - - -
ADW-03-Lk  Dosan-seowon 83.9 161 209 79.1 - - 61.6 384 352 064.8 - - - -
ADW-04-Br Donggye Stream 100 - - - 100 - 40.7 593 - - - - - -
ADW-05-Lk Dongbu-ri 100 - - 128 872 872 - - 100 41.8 582 - 317 683 -
ADW-06-Lk Seobu-ri 446 554 372 62.8 - - - 100 381 619 - 597 403 -
ADW-07-Br  Yeokgye Stream - - 100 - - 100 - - 100 - - - - - -
ADW-08-Lk  Yean Bridge - - 100 - 855 145 784 216 41.8 582 - 84 916 -
ADW-09-Lk  Jujin Bridge - 899 10.1 417 583 - 354 64.6 43.7 563 - - - -
YW 1 Yeongju Dam 1 - - - - - - - 175 825 31.0 069.0 - 978 22 -
YIW 2 Yeongju Dam 2 - - - - - - - - 100 248 75.2 - - - -
HW Imhwa Dam - - - - - - - - - - 547 453 - 877 123
Cf: Chemical fertilizer, Ma: Manure, Of: Organic fertilizer
97.8%, i 2.2%% i goFo] o g ¥u 3t Al X}Eﬂoﬂ A3 #d 24 AiolA JAHe] BE
stz el BESF 719 =7} ltE} Aot EHES Al7191A &2 FEA(T-N) =5 HEdo] e e
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2 % W A7} fAR B ehith(Lee
et al., 2013; Kim et al., 2017). ©=tA, =4 | 257
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