Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 29, Special Issue, pp. 028-035, October 31, 2023, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2023.29.5.028
A o] o} 2= A] Z]| = od 3 7}3F o
ZA o] At zAbel wA= Gl HI A

whak Ed el e FA 0

skt oo =k sofokok O ok — | = dekskokkok sesestofotokok
3L O|ZET - HERTT 0|8 HET - 0|24

* QTGN A FATEE HEATY
ook GTAGEANEY BAAGATER: AT, oo TAS 0 HFYEAASN}
weess S| FH T AGFAA 2, wewwer u}) F

A Study of the Effect of Tides on Coastal Water Testing
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Abstract @ In estuaries and coastal areas, where water layer mixing and seawater flow are influenced by tidal conditions, it is essential to
consider these tidal conditions when collecting water samples to ensure the accuracy of water quality measurements. For obtaining data that
reflects average conditions, the Korean Standard Method of Examination for Marine Environment recommends collecting samples during the
mid-tide. However, previous studies conducted by Kaplovsky (1957) and Fortune & Mauraud (2015) recommend sample collection during
high or low tides. Furthermore, after categorizing the Masan Bay survey results from 2014 to 2020 into two groups: stand of tide (STAND)
and mid-tide (MID), there was a difference between the water quality measurements between the two groups. To improve the quality of
Marine environment monitoring system data, tidal information should be provided first, and sampling water under the same tidal conditions

should be gradually incorporated.
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Table 1. Summary of precedent studies

Precedent

study S ay

Results obtained by the "same slack" procedure
provide far more valid data than the
cross-sectional technique.

Kaplovsky
(1957)

If a surface water body will be sampled repeatedly,
the design should specity frequency (e.g., daily,
weekly, monthly, during flood events that exceed a
threshold flow velocity, during specific stages of
the tidal cycle) of sample collection.

CCME
(2016)
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Given the influence of tide on water quality
indicators measured, a monitoring program should

Fortune take into account the variability due to tidal
and cycles. In order to limit this variability, water

Mauraud quality monitoring programs undertaken by the

(2015)  Aquatic Health Unit occurs at the same tidal cycle

(neap tide) and during a three hour window
around high tide.

Ideally water samples would also be collected at a
comparable tide heigh.
Cornelisen Knowledge of the effects of tides on water quality
et al.(2011)  parameters is required when interpreting results
over time within the context of guideline
compliance.

To assess the worst-case scenario in water quality
of the Sado Estuary, low water should be chosen
as the sampled tidal phase.

Nascimento
et al.(2021)

sources: Kaplovsky(1957), p. 1043, 1053; Canadian Council of Ministers
of the Environment(2016), p. 228; Fortune and Mauraud(2015), p. 32;
Cornelisen et al.(2011), p. 32; Nascimento et al.(2021), p. 14.
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Fig. 1. Monitoring station.
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Table 2. Table of p-value results according to t-test by station:
MID vs STAND. P-value of 5% or less is in bold,
10 % or less is in italics

Station Temp. Salinity  pH DO COD DIN
H1 0.1183 0.1836 0.1640 0.6951 02613 0.7189
H2 0.0311 0.1475 01134 0.6912 0.0960 0.7152
H3 0.0518 0.0829 04923 09392 0.1501 0.3380
H4 0.4253 0.2242 08089 0.7643  0.1398  0.4350
J1 03116 0.0749 02953 0.2596 0.7985 0.3477
2 09149 0.2660 03226 0.2919 0.8169 0.9014
Mi 0.2682 0.3178 0.0327 0.1170 04516 0.0103
M2 05593 0.2759 02676 0.5839 0.0213 0.6379
M3 02253 05493 03038 0.9873 0.0903 0.1664
M4 06269 03185 0.6882 0.9751 0.5893 0.8686
M5  0.6287 0.5311 0.1704 03230 0.2634 0.7389
M6 02114 02069 0.7014 0.5480 0.7732 09177
M7 00813 09170 0.0828 0.0584 0.7149 0.9626
M8 05730 0.8213 08170 0.7967 0.0092 0.5593
M9 06297 0.6961 0.5090 0.5855 0.7916 0.5863

M10 02384 0.7183 09707 0.7391 0.5892  0.5897
MI11 02397 0.7681 0.0760 03533 0.7334 0.0874
Mi12 04839 0.7290 0.7196 0.8545 0.8708 0.4367
MI13 04776 0.6090 0.8723 0.8050 0.5799 0.3401
Ml14 05347 0.5508 0.7581 0.8815 0.3536 0.1682
M15 08304 0.5331 0.5346 0.4036 03214 0.4909

Station TN DIP TP SS Chl-a  Transp.
H1 0.9277 0.8163 02878 0.2684 0.1335  0.005
H2 0.1191 0.5681 0.0337 0.3507 0.1456 0.0866
H3 0.0930 0.6849 0.0247 0.1866 0.0997 0.0656
H4 0.0981 0.1799 02635 02770 0.0610 0.2036
J1 0.9233  0.3663 05355 0.1897 0.6542 0.3845
2 0.7396  0.4403 05288 0.2945 0.8523 0.5953
Mi 0.0171 0.0838 01761 03189 0.7519 0.9733
M2 02191 04832 0.6721 0.0705 0.0290 0.4448
M3 09649 0.1392 0.6219 0.7855 0.0582 0.6877
M4 07286 0.9935 0.6836 03640 0.2569 0.6369
M5  0.2898 02033 04444 0.0694 0.0297 0.5390
M6 04885 09252 0.6880 0.2718 0.0308 0.7247
M7 0229 0.5599 0.345 0.28838 0.6339 0.4059
M8  0.6136  0.6725 0.6568 0.5010 0.9321 0.5864
M9 05571 0.5953 0.8040 0.2670 0.0046 0.0501

M10 0.8208 0.7896 0.1895 0.4681 0.8180 0.0104
MI1 02553 03425 0.6771 09873 0.6216  0.0320
Mi12 09712 09751 03701 0.6626 0.8604 0.1521
MI13 09062 0.9077 0.5779 05481 0.8952 0.0765
Ml14 09792 0.7809 0.7128 0.2938 0.9361 0.5819
MI15 03822 04856 0.1149 0.5521 0.9006 0.4584
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HEH - AU 0] FF - PHEQ -0l RS - HF - o] B
olofd w4 2N whe SHREE v A e o
Table 301 e} vk & 336319 A4 23 F 758, 23%  _(y-mm) - Transp.
b o] 50 Sho A A 2AFTE 1% 7 2em= 1402 08564 08284 03202 09330 03270 0.6692
gk St meldy & 2 olr) :1405 05318 0.6418 00368 0.0499 07843 0.059%
Tble 38 SAFHUL AT AL FAGE Ul rne e
A AFTREE 17 Bk 2 SAR ST 2699 A 1502 00263 0.1124 00040 03675 00043 0.1066
A = H X 23(DO)A A 113](IN, TP)Z ek} A5 1505 00157 0.0471 0.0233  0.0473 0.0121 0.2925
7bd 7)7F 5147) e 42 N, TP(]4 113]), cOD(e] 4 9 ‘1508 04115 0.8261 02346 03539 04120 0.1310
3)), AR, PaE (o4 73]) Solrh. ZFATES COD, 1511 0.0605 02209 00364 0.0227 00038 0.1171
N, TPS] 7Z7H4 712 797 Brh Ho] 223 st 1602 00154 05892 00573 00569 02739 0.1154
SRS 22 W ekl Astel 0% SIA S8 has 02874
dep, A S viAehE A 336319 AW 2 T T 0021 00279 00006 05355 09331 0.0045
10331, 30.6 %= A+ gt 17-02 03426 05423 04168 01652 07355 0.1350
1705 00434 0.6471 00981 02246 0.1087 0.6673
Table 3. Table of p-value results according to t-test by time: ‘17-08  0.1161 09303  0.1483 02034 03141  0.7512
MID vs STAND, P-value of 5% or less is in bold, ~ ’17-11 04308 0.8917 03660 08998 0.173 0.7537
10% or less is in italics 1802 02570 03656 00273 07752 03315 03273
_ ‘1805 01360 0.0308 0.0381 0.6659 08960 0.1867
Time  romp. Salimty pH DO COD  DIN 1808 0.0469 0.1308 0.0958 02500 0.0993 0.1504
(,ylyﬁlg) 051 0000 0505 000 05 onc 1811 05947 07262 07013 04170 07974  0.4838
405 07504 01636 05951 04761 0.0074  0.4061 1902 0.0058 04665 0.0003 07903 0.0399 0.6416
14-08  0.0782 0.6577 0.5366 0.0765 03136 0.6776 '19-05 0.0005  0.8110 0.0017  0.0047  0.0775  0.1827
14-11  0.0759 02306 0.1086 0.2698 0.0609 0.5965 ’19-08 04547 09962 04795 0.0935 09599 0.7984
1502 0.0304 00048 0.0053 00769 0.0016 02717 '19-11 00304 05083 03218 03477 01111 0.0109
1505 04290 08402 0.0650 00638 0.6477 0.0201 002 04482 02179 05732 0.0442 03085 0.6727
’15-08  0.2689 0.8261 0.7860 0.7544 0.1665 0.5533 2005  0.0011  0.8881  0.0004 0.0093 0.2257 0.0010
’15-11  0.2458  0.8865 0.5223  0.5209 0.6803 0.1478 2008  0.1170 03670 0.4801 0.5350 0.0707 0.8843
1602 0.5883  0.1348 04989 02717 0.1690 03304 20-11  0.0290 0.0333  0.0025 0.0224 02165 0.0017
1605 02538 0.0557 0.1451 01073 04165 03529
'16-08 03948  0.4827 03282 0.1945 0.9799  0.5700 o7 Table 4= AAE Xz e SAHIgEY
‘16-11 02325 01156 02937  0.1501  0.0203  0.0060  ttest Ax}r). 3% 483]2] A4 =3 5 123], 25.0 %7 F2
17-02 02321 05247 03855 06348 01608 0.0756 2=z 50, slo) A AzA|S 2AF7 08 7 A=A E
'17-05 05533 0.6554 05618 04425 00118 00105 qyo= oty @ - 9l
'17-08 05920 0.1201 0.8386 05293 0.1125 02672 Golaz sop solAe] oA A7 s ADY 1
17-11 0.0044 00224 07169 07933 0.6800  0.9555 Sg SAYEE G 2 B 53, % 37 e 15, AL 3
1802 0.0164 00347 09513 05125 05745 03819 TeEETE He e w0, e 2L e 1A, A
1805 0.0023 00181 0.0008 0.0002 00064 0019  =°Ih oIS 51 w¢ B, pH, DO, COD, SS, F38 %= &
1808 05545 0.1155 08399 0.1503 00123 00646 Nl SAZ=0] A=A} 243 25 1 544018 B
'18-11 07053  0.5077 0.5474 0.8622 0.5717 0.9928 Aot & 4 U
1902 0.0999 0.0031 0.0011 08946 0.0293 (.0515 Table 42 =482 2 A8 w 714 2o 520 7
1905 0.0940 03326 0.0737 03757 01541 00592 714 7|7+S 8 =42 CODE, A A = 7122 29
1908 09183 03947 09211 05583 08910 09117 5 4 Aado]r] 24 27do] BE =A=A7 Sxto]D 1
19-11 06721 01313 0.623¢ 05527 0.0720 0.0839 N o ~
2002 03420 03690 0046 01817 04734 06267 o BT ATHRATE 5% 2.
0-05 0.0022 00015 00698 0.0093 0.0111 09415
0-08 03344 01821 02116 04247 02893 0.2043
0-11 02015 02037 0.0840 01511 0.0114 0.0334

_32_



ZA o] AQkA ALl WA= ol W A —vikvt SR s FHoE-

Table 4. Table of p-value results according to t-test by season: ALL 2050 3189 818 721 219 0.090
MID vs STAND. P-value of 5% or less is in bold, MID 1941 31.69 823 7.72 198 0.099

10 % or less is in italics J2 STAND 2247 3225 809 629 255 0.075

— diffALL-MID) 1.09 020 -0.05 -0.51 020 -0.009

Scason Temp. Salinity pH DO COD DIN GfALLSTAND) -1.97 -036 009 092 -037 0015
Spring  0.9402 0.1311 0.0015 0.0103 0.0357 0.0707 ALL 7183 30.15 827 804 341 0072
Summer 0.144 0.1427 02045 0.6572 0.0049 0.4232 MID 2068 3097 831 853 342 0044
Fall 0.0937 0.0042 0.4353 0.6045 0.8026 0.1127 Ml STAND 2608 27.16 812 624 339 0.174
Winter 030021 0.3755 03433 0.6934 0.0175 0.6405 diffALL-MID)  1.16 -0.82 -0.04 -049 -0.01 0.028
Season TN DIP TP SS Chl-a  Transp. difALL-STAND) 424 299 0.15 1.81 0.02 -0.102
Spring  0.7206 0.8858 0.1300 0.0143 0.5372 0.0147 ALL 2050 3174 814 647 231 0075
MID 2103 3150 815 670 233 0.083

Summer 0.1270 04570 0.016 02173 0.1539 0.0071 MO STAND 1853 3060 811 564 204 004
Fall 01202 09056 02115 02903 0.3387 0.2476 GMALLMID) 054 024 001 023 002 0008
Winter 02595 04964 0.0672 0.7619 0.0332 0.6689 diff ALL-STAND) 196 -0.89 003 083 0.07 0.030
St. Tides TN  DIP TP SS  Chl-a Transp.

3.3 34 (ng/L)) (mgl) (mgl) (mgl) (ugl) (m)
a0 Hs . o LT EL o opis ALL 0307 0.0046 0.033 817 950 291
=S AR S T1ARhE A FAE T Rl MID 0304 00045 0032 849 692 320
TEOR UERRY] wiel, AxAleh 2AFR] FES5H g STAND 0310 00048 0035 774 1293 251
el BEAe] rtan & ¢ glus 29E ATt ol AA diff ALL-MID)  0.0027 0.0001 0.0012 -032 258 -0.29
=271 2po|7} Anpil LERLE=R] Solr 7] 915 Table 590 diff{ ALL-STAND) -0.0036 -0.0002 -0.0016 0.43 -3.44 0.39
B o]k Am = nlabul Ewylale]d olofo ozl ALL 0225 00099 0.026 1149 2.60 3.86
o) #E)7)E 49 57 AAERbeb, Aeuki2, Bt MID 0.227 0.0081 0.026 11.00 2.70 3.50
o] =S 2N |He Halsdr) J1 STAND 0221 0.0145 0.027 1271 237 478
diffALL-MID) -0.0019 0.0018 0.0002 049 -0.09 0.36

0.006 mg/Lo A1 H ] 0366 mg/Le] x}o]E H.GIth.

COD 9] SAFEY Mo 2 Hd 54 Aol F&
4.24°C, 9% 2.99, pH 0.154, DO 1.805 mg/L, DIN 0.102 mg/L, TN
0.119 mg/L, DIP 0.009 mg/L, TP 0.012 mg/L, SS 2.528 mg/L, Chl-a
4119 g/, FH % 0911 mo]t}. o]= H gk ko] #}olo]7]
ol AA 7 #E5A = o 2 2|7 e 5 9l

Table 5. 2014~2020 Water quality of Masan bay by tide

difff ALL-STAND) 0.0048 -0.0046 -0.0004 -1.22  0.23

ALL 0306 00111 0.034 784 632 298

MID 0315 0.0094 0.032 7.79 547 3.06

12 STAND 0288 0.0142 0.037 792 786 284
diff ALL-MID) -0.0098 0.0017 0.0017 0.05 0.86 -0.08

diff ALL-STAND) 0.0176 -0.0031 -0.0031 -0.08 -1.54 0.14
ALL 0.371 0.0085 0.054 956 1046 1.71

MID 0.338 0.0060 0.051 9.59 1040 1.68

M1 STAND 0489 0.0174 0.066 945 1069 1.80
diffALL-MID)  0.0323 0.0024 0.0032 -0.03 0.06 0.03

diff ALL-STAND) -0.1185 -0.0089 -0.0116 0.11  -0.23 -0.09

St Tides Temp o pH DO COD DN ALL 0313 00122 0042 893 638 288

(0) Y (mg/L) (mgL) (ng'L) MID 0337 00136 0.043 962 7.50 3.00

ALL 2130 3189 830 890 260 0066 M2  STAND 0225 00072 0.037 640 226 243

MID 2036 3241 831 856 245 0078 diffALL-MID) -0.0240 -0.0014 -0.0014 069 -1.12 -0.12

Hl  STAND 2256 31.19 829 935 279 0.050 diff ALL-STAND) 0.0879 0.0050 0.0052 253 4.12 045
dGffALL-MID) 094 -052 -001 034 015 -0012

diff ALL-STAND) -125 070 001 -046 -0.19 0.016 Table 6= WA S #E 3 At AFFaE a7

ALL 1848 3299 816 730 164 0069  Z# s57] A wabeb2, W) g2, sjohubne] A6 up=

MID 1744 3313 820 7.66 1.74 0.061 JHS nwdk Avlolrl. cope AS-, AxA 2AE7

J1  STAND 2110 3263 807 638 138 009  gmooy o) Q) sjo)= 1.089 mg/Lo] tH2018\). A A2} Bz

dif:i:ﬁi; 12%52 '3'312 '3'1()3 3527 3'212 _%%?1 Al Bak 2F Ao 2Fo) = 1.033 mg/L2018Yd), WA 9 2%

v gk 2 A xFolE 0212 mg/Lo] THR014).
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