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Abstract: This study, we conducted a non-parametric trend test (Seasonal Kendall tests, LOWESS)
and Cross Correlation. We aimed to identify water quality trends using the weekly data for 9 variables
(Water Temperature, EC, DO, BOD, COD, T-N, T-P, TOC and Chl-a) collected from 4 sites in the
Paldang Lake from 2004.01 to 2016.12. According to the Seasonal Kendall test, Water temperature
increased but EC, T-N and T-P decreased trend. LOWESS showed that BOD was gradually decreased
from 2013 to 2016. but COD gradually increased between 2012 and 2016. As a result, it was confirmed
that the period between 2012 and 2013 was a turning point in the increase of COD along with the
decrease of BOD at all sites in Paldang Lake. Results of Cross Correlation showed that there was no

time difference between all of Water variables and Sites. In this study, it is necessary to analyze the

cause of the transition period and to monitoring the water quality more precisely for better water

quality management in Paldang Lake.

Keywords : Paldang lake, Seasonal Kendall, LOWESS, Cross Correlation
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Figure 1. Location of study sites in Paldang lake.
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1) Seasonal Kendall test

Seasonal Kendall test= Mann—Kendall test2]
Ao golHE 4, AZERE FE5Y
Kendall®] SEA ] o2 A4alnl 4L of
@)e} &t o714 A1) 2 Adol tigt Mann—
Kendall S veld Ao 23 9F Zth(Hirsch
and Slack, 1984).

I m
=15, @)
20| 2n)10) B¢

Batih FAko] At zo|
TAFHA| = ojuf o} o] A)(3)& o8-ttt (Helsel
and Hirsch, 2002).

Usk = 0
Var(S") = X Var(S) = X [n{ni—1)(2ni+5)]/18 (3)
Usk = mean

Var(S') = variancey,

g 5% dolel 7t o2l ) £AE A g
2 5ol A(3)0] thYdste] 4=zt ojnf o] 0,
n102 A% Var($)S ol §5+ B8} Z5AZE 4
(4)oll VFERgiet,
Var(S*) = z Var(S") = Z [n(ni—1)(2ni+ 5) -
Zti(ti— D)(2t+95))/18
S-1
VS S S>>0 @
Ze=14 0 Si=0
V Var(S")s '

n; = number of data in the i season
t;=number of tied group

ojuf HF71d Ho : slope b} =0(no trend)°|™ Z
SATY p-values 73l oA AFHEE AR
T A FA19 {575 wetstA =t

2) LOWESS (LOcally WEighted Scatter plot
Smoother)

H| 2 =2 HZ(Smoothing) WS A-+71%F

=
o
34 450 4T 42 st P2 o
e g 4 S

HFH o 2 A %7}9} AT Uetd= AgsA o
st GHS ®Haslr] Hste] ke et uhehbA
LOWESS #4]2 xof| tfgt AA3F 422 F7k(span

%= window)& Aol Ao} GFFeE 2HT &
7L7L_,] 71—01] an]— o]Ez}/\ 2 —
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3) 2T (Cross Correlation)
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Table 1. The results of Seasonal Kendall tests of water quallity variables at stations

Seasonal kendall test Z¥H(Table 1),

A Ao A p—value= 0.0002 G2
Jdolskz vehd AR 7HE(HO = no trend)

to] =) Hutol] 24 Atz whet “F7F
P& Ut Sl ECY| A= A A4 =%
p—value 0.0002 ZAF=S] whet “Zra" of= 43k
& yelfilth, DOE P2, P3 A -4 p-value

. . Seasonal Kendall trend
Water Variable Station -
Z-value N intercept slope p-value trend

P2 6.127 572 15.770 0.5081 0.000 A

WT P3 7.351 319 15.740 0.6534 0.000 A
P4 6.368 320 15.020 0.5411 0.000 A

P5 6.595 132 16.610 0.6528 0.000 A

P2 -2.011 572 0.035 -0.0030 0.000 \{

BC P3 -4.159 319 0.037 -0.0030 0.000 v
P4 -3.305 320 0.013 -0.0024 0.000 v

P5 -2.701 132 0.029 -0.0035 0.000 v

P2 -1.734 572 0.015 -0.0430 0.000 v

DO P3 -1.505 319 0.042 -0.0110 0.000 v
P4 0.484 320 0.800 0.0000 0.628 °

P5 -0.909 132 1.700 0.0000 0.363 °

P2 1.855 572 1.021 0.0230 0.064 A

BOD P3 4.192 319 1.350 0.1000 0.000 A
P4 0.484 320 0.800 0.0000 0.628 °

P5 -0.909 132 1.700 0.0000 0.363 °

P2 -1.476 572 3.840 -0.0400 0.140 °

COD P3 0.179 319 4.200 0.0000 0.858 °
P4 -1.198 320 3.388 -0.0250 0.231 °

P5 -2.013 132 5.050 -0.1000 0.044 v

P2 -3.356 572 2331 -0.0548 0.001 v

TN P3 -4.236 319 2.679 -0.0690 0.000 v
P4 2171 320 1.934 -0.0334 0.030 v

P5 -5.090 132 2.817 -0.1234 0.000 v

P2 -6.770 572 0.037 -0.0030 0.000 \4

P P3 -5.577 319 0.048 -0.0037 0.000 v
P4 -7.675 320 0.022 -0.0021 0.000 v

P5 -6.078 132 0.049 -0.0047 0.000 v

P2 2.808 385 1.925 0.0500 0.005 A

TOC P3 3.557 268 2.150 0.1000 0.001 A
P4 2.373 269 1.683 0.0333 0.018 A

P5 1.477 100 2.683 0.0333 0.140 °

P2 -0.956 571 12.250 -0.4000 0.339 °

Chla P3 1.852 319 11.600 0.8000 0.064 A
P4 2319 320 8319 -0.4625 0.020 v

P5 -1.034 132 15.560 -0.6167 0.301 °

WT : Water Temperature
Water Quality Trend : Increase A, Constant e, Decrease ¥



s

SEBLEt M2sT M2

[co)

4

J
B

2018

213

J
s 2010

bme.

J
2018 2016

T

T
1

T

2m

DO

C

E

WT

(a) WT, EC, DO
Figure 2. The results of LOEWSS of water quality variables at stations; (a) WT, EC, DO, (b) BOD, COD, TOC, (c) T-N,

T-P, Chl-a.



89

M2 M

=
T

29| |24

- Lesl2t / 7] 2LEY K=2E 0

A7

|

Il
oo
Ki
Kl
&o
<

Fct -

~O
5!
Kk
&

00
Ki

[

tme

vme

2018 2016

TOC

CoD

BOD

(b) BOD, COD, TOC

Figure 2. Continued



7t M28H H2E

235

i

[ or ot o o ]
(wowiend
e re
o . e
.
o
o o eod® [T
LR X
ko
® .
.
Fe
.
.
s % a8 b
.
.

T T T T T
0zo 510 Lo 500 000
(Wwigry

Fo
o
Fe
ko
Fo
T T T T T
9 s € z ' 0
(VWL
N
a9

sme.

.7
o
Los
Fe
Fo
Fe
08 09 or (24 0
(wowe-nd
oge e
o
b
. PY A
oldo
.
wp o
. ool
:
o re
. A -
"
N -
. “ '
$0 vo to 20 1o 00
(WwarL
» o
. o
tee re
.._\.-.p
4
P
L
K
. ¢N .
~
‘.
b |
M
3. ko
A
L ..
& 8
. -
23
“
I 9 S L € z ' o
Vowin-L
2l
o

bme

bme

tme

(wuwie-nd

T T
00 S0 020  SL0 00 S00 000

tme

e

1

2015 2018

T

E

2018 201

T

T

20

Chl-a

T-P

(¢) =N, T-P, Chl-a

Figure 2. Continued



StA L AR . = . % . L3 = St TCHS A XIS AX =ME
X - &FA - ACH MNEE - Z8H - MTIA - L2t/ &Y| ZLER XIRE 0|85 ZYS AL HIZ4E FMHEM 9
S 10 o
—— Seasonal-kendal = Seasonal-kendal
© Lowess © Lowess
2 A . - -
.
- _ 64
F 2
P2 g g
8
e |
g o
T T T T : T T T T T T T T T
1 2 > 4 L 6 7 1 2 3 4 s 6 7
tme tme
~ o 10 4
= Seasonal-kendal ey asonal-kendall
© Lowess © Lowess
o
w
2 3
r3 g &
8
8
T v v T T T T
1 & 3 4 3 6 7
tme time
w 4 10
= Seasonalkendal = Seasonal-kendall
° Lowess © Lowess
<A 8
— o 6
3 2
2 2 g
P4 3 g
8 . N 8
]
0
v T T T T T v T T T T T T T
1 2 3 4 5 6 7 1 2 3 4 5 6 T
time tme
- 12
= Seasonalkendal = Seasonal-kendall
© Lowess © Lowess
1 * 10
.
w
P5 g ) ;é
8 o 8

1 2 3 4 s 6 7
tme
— T T T T —
T T e N D
BOD

04
T T T T T T T
1 2 3 4 s 6 7
time
— T T T —
e 08 D
COoD

Figure 3. Seasonal Kendall and LOEWSS trend by the weekly data of BOD, COD



92 ESHIYEIt M28H MP2S

0.000% ZAtE=o] whef “Zhax" 81l P4, P5oAl=
p—value 0,628, 0.363% F2]40] §lo] Z7} =
T Folof tigt A UEhiAl 2gket, BOD
o] 72 P2, P3 Aol p—value: 0,064, 0,000
B Ao whet “FF Ak el LAl U A
Z] pal oﬂ }\—]}; “ﬂ 61:%—1 OJLOJ’Q_ 1,]_1:4_1,H ohq. COD}; P5
28-E& p—value 0,0412 HAMEo| whe} “H4a” 73k
= U AL v A Ao A= AR e
UERQIEE, T-N, T-P] 4%
A% UeERolth, TOCE P2, P3, P4 A3 <flA
p—value:= 0,005, 0,001, 0,018& ZAtwo] whe}
78 P5 A= A el U
Haleh Chl-a= P3 A ollA= “571" P4 A3
A AL P2, Po Aol A= R §lET
& YEigle, & 2, EC, T-N, T-P= & A4
oAl ®5F F3F A grol YAkt shANE EF 3
oAM= Aol whet Aol YA|skA] Eekt, 7
dol ehd 35St o2 AR AwE gk
o, A 139 <k P2 A H ol A= 4=, BOD, TOC
£ “F7Vsg ey BC, DO, T-N, T-P& “#44” 5
%t P3 AFo) A= =2, BOD, TOC, Chl-a= %
7F'8kaL EC, DO, T-N, T-Px= “Zt4” sfo] &4t
Ao P2 A fARE FE S el it P4
AR A& =&, TOCE “F7} 3k EC, T-N,
T-P, Chl-ae "Z&" sl3e. P5 AHoA = 55
Ao g W3lsl g 9o CODWE “Zr4” &lict, u}
2} J—]—]j—i_/] =2 Wgle 7k 2 ZEE AR5 Q)

;‘(j X]X‘j‘] E—t’:‘ “7-9—‘/_!\_”

[O ol DN

—_-

9] Aﬂ 7}11 —‘%2 UrE}lH Seasonal Kendall test
goRt 7, §B 7+ 54 Wak E4L sjolst]

of ofg] Ao R e Qict,

LOWESS £4] A3} BOD, COD¥& A 2| Hof|A] 4=
A S Yepfglog Uz g2 43dS 3
< 4§tk (Figure 2). BOD= xd A BE 35
o2 2013HE 2016QA7FA] “rA” e et
WAL 71 9] dieof = o] ‘”zlo}xl ookt

CODE A AA-A TEZ o2 201262 E 20164
A “S7F 73S YeR L 1 & droflA= 7
=]

/ol AABHA| ookt ol =M BT A= A

Seasonal Kendall test—~LOWESS &% H|a 2
HFigure 3), BOD] 7<$- P2, P3 2| & ol|Al+= 2004
HEE 2012W7HA] A EH o R Z7} & 2013]{:1
A A2 AstE AL Folst 4~

G AL 201287 = DA 5
20139 o|F 7Ha AR HeHE &4
A 27 B oA = B3] 7Ha
CODe| %3+ P5 A4 lA 2004 A =E 201187}
A 7 FAE Bl o 201295 A% S71E 7

ﬂ.I

3ES Lol L) A el A 20129714 2
H SES GASIG 20124 o F 2% 7t FAR

AgtE olch wheba 2012~2013E, THE A A
oA BODS] 7§43} g COD2l $7He Uetdi+

A9 A 4 A9,

Frolaez 0.010014 Ti DO‘— P2 x]zh} P3, P4,
P5 A4 B r = 0,988, 0,987, 0,978% A4l o]
=okon] ECE P3, P5 XA r = 0,765, 0.5062.

Folstd oy P4 2| Fo A= r = 03452 S
el T-N, T-P, TOCS] A9, & 2|4 n% A
HAS7F 0.5 o) UrEfof v«lo}@‘l‘% Chl-a
L P3, P4 AFA r = 0,592, 05448 F-0J3F A}
TS Uil o P5 Aol A= r = 0.4012 A
gol oFgt Ak Ul olet, whebs P2 A4 7}

AR AR SAe AR ol folst Ao
vehgth, E3 44 35 7t JFYES shote}]
Sl3to] B 7 e

= stgitHTable 3). &
A2} ol 0.01014 422 DO} r = —0.687
2 o3k Aol 9%l EC= BODEr = 0.500
F9Jsttt. BOD+= EC (r = 0.500), COD (r =
0.644), TOC (r = 0.593), Chl-a (r = 0.722)2} 2|
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Table 2. The results of correlation analysis of Paldang Dam (P2) major inflow streams (P3, P4, P5)
P3 P4 P5

P2WT 988** 987** 978**
P2 EC 765%* 345%* .506%*
P2 DO 833%* 852%* 625%*
P2 BOD .639%* S10%* A41%*
P2 COD 720%* A498%** 618%*
P2 TOC T78%* 524%* 64T**
P2 T-N 857** 794%* TT1¥*
P2 T-P 906%* .630%* 817%*
P2 Chl-a 592%* S44%* A401%*

**_ Correlation is significant at the 0.01 level (2-tailed).
WT : Water temperature

Table 3. The results of correlation analysis of water quality variables

WT IBC DO BOD COD TOC T-N T-P Chl-a

WT 1 .100%* -.687+* 183%* 327 A08** -.302°%* 2007 207+
EC .100** 1 -.025 .500%* 340%* 347 290%* -.002 276%*
DO -.687** -.025 1 183%* -.043 - 118** 344 -.146** 159%*
BOD 183 .5007%* (1837 1 644 593 282%* 174%* 722%%
COD 327 3407 -.043 .644%% 1 850%* 201 5407 S17E
TOC A08** 347 - 118%* .593%* 850%* 1 120 520 438
TN -.302%* 2907 344 282%% 201%* 129 1 345 1567
T-P 200 -.002 -.146** 174%% S540%* .520%% 345 1 095
Chl-a 207+ 276%* 159%* JJ22%% S17%* A38** 156%* 095%* 1

**_Correlation is significant at the 0.01 level (2-tailed).

ok AR YeRJ It CODE= BOD (r = 0,644),
TOC (r = 0,850), T-P (r = 0,540), Chl—a (r = 0,517)
FoIgh AAdS bl let. TOCE BOD (r =
0.593), COD (r = 0.850), TP (r = 0,529)$} 4-2J5t

WS el glet, T-N9| 9= o' 33k=
I S Ve A] ¢gkem T-P= COD (r =
0.540), TOC (r = 0.529)<} -] gt Ad& Uet

o

2itt, Chl—a+= BOD (r = 0,722), COD (r = 0,517)
o folat AmAS bl Ao= BaEe &
BYS A A9 2P PR AR T2 4T
& wolx glgict,

Al Wb P3, P4, P5 A H 9] 423 ¥sloli= CCF
(Cross Correlation A|42) » 0.55 o]A+el A|a} Zro]
"= EAE O] AaHd o] UrERA] otTh R A
ol FolstA vrebd 3 3R] Aol AR}
go] YepbA] ehgttH(Table 5). P2 A1 A& A
A2 75 2 stA ol wE f8karke 2ol 7t
Uoll= AR o] yehhA] oF2 5= o= At
& 7]7JE’4 %71/4(1347b), 74*]*§3§ st

B4 A3 ole AT e g
AARA o] LA ke 0§ 32 7k 15 o] el
A skt 440 24 =7k ok A 44
B AR Mgl T G 4 Wk o),
SR 4 B3 A U S O3 SO WY
4 g9t
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Table 4. The results of cross correlation analysis of Paldang dam (P2) and major inflow streams (P3, P4, P5)

Water P2-P3 P2-P4 P2-P5
variable Lag Cross Correlation Lag Cross Correlation Lag Cross Correlation

WT 0 988 0 987 0 978

EC 0 785 0 .506 0 .345

DO 0 .833 0 852 0 .625

BOD 0 .639 0 510 0 442,

COD 0 720 0 498 0 628

TOC 0 778 0 .624 0 .687

TN 0 857 0 7194 0 71

T-P 0 906 0 .630 0 817

Chl-a 0 592 0 544 0 491

Table 5. The results of cross correlation analysis of water quality variables
Lag| WT-DO | BOD-EC | BOD-COD | BOD-TOC | BOD-Chl-a | COD-TOC | COD-T-P | COD-Chl-a | TOC-T-P | TOC-Chl-a

-7 -224 .396 164 226 .097 238 140 .090 .064 .060
-6 -304 412 178 220 140 257 140 126 .086 .081
-5 -372 423 240 262 242 323 215 185 151 122
-4 -443 438 287 292 213 318 243 177 221 119
-3 -.509 447 310 306 284 335 212 217 162 187
2 =575 443 388 377 330 370 225 269 201 208
-1 -.635 462 412 381 410 373 208 346 203 285
0 -.687 .500 .644 .593 722 .850 .540 517 .529 438
1 =732 466 426 395 374 359 207 342 201 314
2 -724 458 388 374 353 326 .200 327 .198 303
3 -.699 445 353 .349 263 275 194 267 200 244
4 -.659 424 326 323 240 301 241 253 241 230
5 -.606 426 310 297 209 263 214 215 215 236
6 =551 397 275 281 163 215 147 198 139 231
7 -475 379 275 300 171 172 120 168 112 223

v.ae
#ATE BU, Gy, oS S0 4%
S Wk BYE o 3 AW 01 5ol 9
A3t} HFWFIE LolLha Gl

o] =335}t Seasonal Kendal
O] 24 W3h= 7 AR Y8kl A= ke,
ol 7+ A Yof whet AR T A 9] JFS

A7) el Ao & e 4= 9)glch LOWESS +
A] A3} BOD F = A A -of| 4] 20139+E] 20161
7HA] "R S YERY LA COD= 2012494
2016742 “F71" 4 & UEtH qlck, Seasonal
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Annex 1. Summary of water quality measurement data; Maximum, Minimum, Average, Standard division

Sirtiton | g Classification WT IEC DO BOD | COD TN T-P TOC Chl-a
(O | (uSlem) | (mg/h) | (mgL) | (mgl) | (mg/L) | (mg/L) | (mg/L) | (mg/m’)

Maximum 28.1 205 15.1 3.6 6.3 4397 | 0515 88.1

2004 Minimum 3.0 72 6.8 0.5 2.6 1.329 | 0.010 1.0

Average 153 141 10.3 1.3 4.0 2.109 | 0.055 20.3

Standard division 5.6 29 1.8 0.5 0.9 0451 | 0.052 14.9

Maximum 26.7 214 16.5 29 6.7 3501 | 0228 51.6

2005 Minimum 1.1 76 4.5 0.5 1.9 1.332 | 0.003 1.7

Average 14.9 132 99 1.1 3.6 2296 | 0.052 18.1

Standard division 6.9 30 2.3 0.4 0.9 0.403 | 0.040 11.9

Maximum 26.5 226 16.0 34 5.5 3.696 | 0235 724

2006 Minimum 0.0 75 3.1 0.4 1.1 1.418 | 0.005 1.7

Average 15.1 143 10.6 12 34 2177 | 0.062 19.3

Standard division 6.4 32 24 0.6 0.7 0.396 | 0.039 13.1

Maximum 25.0 270 16.6 43 7.0 3.840 | 0.133 57.8

2007 Minimum 1.0 83 74 04 2.0 1.615 | 0.017 2.1

Average 137 156 11.5 1.2 3.6 2377 | 0.051 15.7

Standard division 7.2 36 2.5 0.6 0.8 0.394 | 0.023 11.4

Maximum 28.0 265 18.0 4.9 6.9 3.585 | 0.151 3.6 494

2008 Minimum 2.0 81 44 0.4 23 1.359 | 0.011 0.7 1.4

Average 153 150 10.7 1.3 3.8 1.935 | 0.046 2.0 159

Standard division 6.8 36 29 0.8 0.8 0311 | 0.024 0.5 10.0

Maximum 27.0 231 17.1 34 6.4 2775 | 0.134 3.8 533

2009 Minimum 1.0 68 7.0 04 23 1.149 | 0.010 1.5 1.7

Average 14.9 147 10.8 1.4 4.0 1.745 | 0.036 2.5 17.2

Standard division 6.8 40 24 0.7 0.8 0.274 | 0.020 0.5 123

Maximum 28.0 257 15.6 3.1 6.2 2921 | 0.164 39 519

m 2010 Minimum 0.0 92 4.0 0.4 2.7 1.460 | 0.010 1.5 1.5

Average 14.7 155 10.5 1.2 4.0 2.116 | 0.036 2.1 15.1

Standard division 74 35 24 0.5 0.6 0.303 | 0.025 0.4 9.0

Maximum 273 299 173 2.7 122 3970 | 0316 8.5 40.8

2011 Minimum 1.0 76 8.0 0.5 2.1 1.682 | 0.011 1.5 1.0

Average 14.7 162 11.3 1.1 3.8 2.346 | 0.049 22 12.1

Standard division 6.1 36 1.6 0.4 1.0 0429 | 0.042 0.8 8.0

Maximum 320 219 15.0 2.8 59 3.636 | 0.209 5.8 44.5

2012 Minimum 0.8 72 1.5 0.4 2.7 1.553 | 0.013 1.2 1.5

Average 152 146 10.2 1.1 39 2.2838 | 0.044 22 12.7

Standard division 7.1 31 22 0.5 0.6 0.340 | 0.031 0.6 82

Maximum 282 249 152 32 7.0 2921 | 0.193 4.0 50.5

2013 Minimum 0.2 70 7.0 04 2.1 1425 | 0.011 1.1 0.6

Average 14.7 151 10.5 12 3.8 2.160 | 0.039 2.0 13.7

Standard division 7.3 39 1.8 0.5 0.7 0.246 | 0.033 0.5 8.4

Maximum 28.1 256 15.6 32 6.0 3.808 | 0.084 4.7 56.1

2014 Minimum 0.7 95 1.3 0.5 22 1.002 | 0.009 1.6 0.6

Average 16.0 183 10.0 13 3.6 1.952 | 0.025 22 10.5

Standard division 7.1 42 24 0.5 0.6 0.398 | 0.013 0.5 8.1

Maximum 299 338 152 39 7.1 2.987 | 0.108 4.6 55.8

2015 Minimum 2.0 115 0.2 04 22 1.122 | 0.009 1.6 2.0

Average 16.6 204 82 1.3 3.6 1.875 | 0.023 24 11.4

Standard division 7.3 45 3.7 0.5 0.7 0483 | 0.012 0.5 83

Maximum 31.8 293 15.1 3.7 6.4 3.738 | 0.090 3.8 474

2016 Minimum 22 100 1.1 04 29 1.422 | 0.008 1.8 2.7

Average 162 202 93 1.2 39 2.070 | 0.026 2.3 11.9

Standard division 7.0 50 205 0.5 0.6 0464 | 0.014 0.4 6.3
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Annex 1. Continued

Sifon | e Classification WT EC DO BOD | COD TN T-P TOC Chl-a
(O | (uS/em) | (mg/L) | (mgL) | (mgL) | (mgl) | (mg/l) | (mg/L) | (mg/m’)

Maximum 29.4 211 15.6 4.0 6.3 2912 | 0.142 76.5

2004 Minimum 2.0 110 8.1 0.6 22 1.799 | 0.028 5.1

Average 14.3 186 114 1.7 42 2356 | 0.062 284

Standard division | 7.0 29 2.1 1.0 1.0 0.315 | 0.033 222

Maximum 26.5 235 153 3.1 6.0 3451 | 0.120 52.1

2005 Minimum 1.0 116 6.9 0.3 2.1 2.089 | 0.021 1.6

Average 16.0 179 10.3 1.2 37 2.749 | 0.061 154

Standard division | 7.0 34 2.3 0.7 12 0.387 | 0.031 14.6

Maximum 26.0 237 16.2 44 54 3.750 | 0.174 65.1

2006 Minimum 25 111 55 0.4 22 1.865 | 0.032 0.9

Average 15.0 193 11.9 1.8 3.6 2461 | 0.062 25.8

Standard division | 7.3 29 3.0 1.0 0.7 0412 | 0.030 159

Maximum 25.0 261 16.7 6.3 7.1 3.638 | 0.156 70.6

2007 Minimum 24 127 73 0.5 2.0 1.998 | 0.025 1.7

Average 14.3 200 11.6 1.7 39 2.655 | 0.069 172

Standard division | 7.2 36 2.7 1.3 1.1 0.405 | 0.038 16.0

Maximum 257 241 164 53 6.9 3.016 | 0.100 3.1 77.1

2008 Minimum 2.0 168 22 0.5 24 1.737 | 0.024 1.5 2.7

Average 15.1 205 11.7 1.9 42 2273 | 0.058 23 229

Standard division | 7.3 21 34 13 1.3 0.349 | 0.021 0.5 229

Maximum 28.0 258 19.1 49 72 2581 | 0.106 4.1 60.9

2009 Minimum 2.0 68 32 0.6 2.0 1.320 | 0.013 1.9 6.7

Average 16.1 209 124 2.6 47 2.028 | 0.038 32 27.1

Standard division | 7.6 44 3.6 1.2 1.2 0.310 | 0.016 0.7 16.3

Maximum 29.0 250 18.3 5.1 8.6 3.024 | 0.122 44 73.8

P3 2010 Minimum 0.0 150 3.6 0.5 2.6 1.596 | 0.021 14 2.6

Average 15.7 207 11.1 1.6 4.6 2366 | 0.046 23 194

Standard division 8.1 26 3.1 1.1 1.3 0.407 | 0.028 0.7 19.5

Maximum 274 250 17.3 3.8 24.1 3518 | 0336 | 16.0 42.0

2011 Minimum 0.9 78 8.6 0.4 1.8 1.941 | 0.029 13 0.4

Average 15.8 196 11.5 1.2 43 2.564 | 0.072 2.7 12.4

Standard division | 6.4 39 1.8 0.8 35 0.321 | 0.060 25 12.1

Maximum 30.8 268 152 47 7.1 3917 | 0253 4.6 75.0

2012 Minimum 0.2 120 24 0.2 2.7 1.687 | 0.020 1.3 1.1

Average 15.5 198 10.5 1.5 43 2.597 | 0.056 25 14.6

Standard division | 7.7 34 25 1.1 0.9 0.346 | 0.045 0.8 14.2

Maximum 29.9 256 20.2 59 7.6 3282 | 0234 4.6 67.1

2013 Minimum 0.1 85 59 0.5 22 1.735 | 0.018 13 0.9

Average 15.1 200 11.1 1.4 42 2459 | 0.055 23 154

Standard division | 7.8 34 24 1.0 1.1 0.246 | 0.040 0.8 14.9

Maximum 29.6 278 16.5 5.5 6.5 3.055 | 0.122 45 68.3

2014 Minimum 2.1 143 0.4 0.5 2.1 1.301 | 0.011 1.6 0.2

Average 16.6 236 11.1 22 4.4 2215 | 0.037 27 19.2

Standard division 7.7 25 32 1.1 1.0 0459 | 0.021 0.6 154

Maximum 322 344 19.8 54 82 3.645 | 0.157 52 71.5

2015 Minimum 4.0 144 0.4 0.6 25 1.037 | 0.008 1.9 2.7

Average 18.1 268 9.8 2.1 43 1.987 | 0.035 3.0 214

Standard division | 7.7 42 37 1.0 1.1 0.694 | 0.025 0.7 154

Maximum 32.8 338 16.8 4.1 6.5 3477 | 0.107 49 622

2016 Minimum 37 126 1.0 0.5 3.1 1411 | 0.015 1.8 3.1

Average 1745 260 9.8 1.9 4.4 2267 | 0.035 25 18.0

Standard division | 7.3 43 34 0.7 0.7 0.394 | 0.015 0.5 10.3
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Annex 1. Continued
Sirtiton | g Classification WT EC DO BOD COD TN T-P TOC Chl-a
(°C) | (uS/em) | (mgL) | (mg/L) | (mgL) | (mgL) | (mg/lL) | (mgL) | (mg/m’)
Maximum 23.6 197 143 2.7 7.2 2.267 0.186 614
2004 Minimum 3.0 52 8.2 04 1.8 1.114 0.016 59
Average 14.0 95 10.7 12 3.7 1.595 0.033 18.9
Standard division 6.2 30 1.5 0.5 0.9 0.319 0.030 10.6
Maximum 26.2 224 15.6 24 53 3.249 0.067 40.1
2005 Minimum 1.7 60 8.1 04 2.6 1.245 0.009 49
Average 15.5 96 10.6 1.2 34 2.152 0.029 18.4
Standard division 7.1 33 1.9 0.5 0.7 0.477 0.013 8.6
Maximum 249 160 15.1 2.5 4.1 2.725 0.102 323
2006 Minimum 1.1 60 8.1 04 2.5 0.023 0.000 1.2
Average 144 95 11.3 1.1 3.1 1.803 0.040 15.1
Standard division 73 26 2.1 0.5 0.3 0.426 0.026 8.4
Maximum 26.0 235 15.2 23 52 2.798 0.068 29.0
2007 Minimum 3.0 71 7.1 0.3 2.0 1.472 0.013 1.1
Average 13.8 105 11.2 0.9 32 1.949 0.034 9.8
Standard division 72 34 2.3 0.6 0.8 0.341 0.013 8.1
Maximum 25.0 227 153 3.0 4.8 1914 0.072 2.6 472
2008 Minimum 2.0 73 73 0.5 24 1.307 0.013 1.5 0.8
Average 14.7 107 11.0 1.1 35 1.638 0.033 2.1 14.8
Standard division 7.0 31 23 0.6 0.6 0.167 0.015 0.3 10.3
Maximum 26.0 230 15.9 2.6 53 2.209 0.068 3.0 372
2009 Minimum 2.0 65 7.8 0.5 24 1.194 0.013 2.0 3.6
Average 15.1 115 11.3 1.5 39 1.617 0.026 24 15.6
Standard division 72 41 22 0.6 0.9 0.286 0.013 0.3 9.9
Maximum 29.0 229 14.2 2.0 52 2.565 0.033 3.1 46.4
P4 2010 Minimum 0.0 78 73 04 24 1.397 0.011 1.5 0.7
Average 14.9 114 11.1 1.1 35 1.702 0.019 2.0 12.9
Standard division 7.9 41 1.8 0.5 0.7 0.233 0.007 0.5 11.0
Maximum 25.7 219 14.3 1.6 49 2.510 0.068 2.6 28.1
2011 Minimum 1.0 71 8.9 0.3 24 1.509 0.013 13 0.7
Average 15.5 115 11.3 0.8 33 1914 0.029 1.8 9.6
Standard division 6.0 38 1.1 0.3 0.6 0.247 0.012 0.3 6.6
Maximum 31.6 220 14.6 34 73 3.112 0.126 6.2 39.7
2012 Minimum 04 61 6.8 0.5 2.3 1.501 0.009 1.1 1.9
Average 14.9 108 10.6 12 38 2.072 0.028 23 13.2
Standard division 7.6 33 1.7 0.7 0.8 0.302 0.018 0.8 7.8
Maximum 274 236 14.2 2.8 6.4 2.618 0.091 32 542
2013 Minimum 0.1 67 7.7 0.3 19 1.382 0.008 1.1 0.3
Average 14.1 108 10.8 0.9 34 1.868 0.023 1.7 9.9
Standard division 75 32 15 04 0.7 0.266 0.016 0.3 7.6
Maximum 28.1 265 14.6 33 8.2 2.632 0.077 53 46.7
2014 Minimum 1.2 91 7.6 04 2.3 1.129 0.007 1.3 1.1
Average 16.2 146 10.7 12 35 1.799 0.018 2.1 9.0
Standard division 7.6 44 1.6 0.6 0.9 0.309 0.010 0.7 8.2
Maximum 30.5 308 154 4.0 6.3 2.568 0.071 5.1 48.6
2015 Minimum 42 113 44 04 13 1.221 0.006 14 2.0
Average 17.5 160 10.1 1.2 35 1.787 0.018 24 13.0
Standard division 7.5 47 1.8 0.6 0.9 0.369 0.012 0.7 104
Maximum 313 293 13.6 1.7 55 3.252 0.050 33 22.7
2016 Minimum 38 99 6.0 04 2.7 1.395 0.007 1.6 33
Average 78 166 10.0 1.0 37 1.948 0.018 22 8.9
Standard division W1 49 19 0.3 0.5 0.454 0.008 04 39
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Annex 1. Continued

Sotion | yeur || Clastfication. | "2 | E° DO | BOD | COD | TN | TP | TOC | Chla
(°C) | (uS/em) | (mgL) | (mg/L) | (mgL) | (mg/L) | (mg/lL) | (mgL) | (mgm’)

P5 Maximum | 279 | 321 157 | 50 | 72 | 4359 | 0259 7.

so0s | Minimum 20 112 15| 13 | 23 | 1817 | 0026 68

Average 14.8 188 99 | 25 | 55 | 2872 | 0117 393

Standard division | 7.4 47 32| 10 | 11 | 0631 | 0.048 203

Maximum | 259 | 347 166 | 36 | 78 | 585 | 0197 95.4

soos | Minimum 09 52 12 | L1 | 27 | 1028 0020 22

Average 15.7 195 90 | 20 | 46 | 3075 | 0.09 2338

Standard division | 7.4 63 34 | 07 | 12 | 0958 | 0040 193

Maximum | 258 | 276 172 | 53 | 72 | 3723 | 0217 1549

Minimum 05 87 76 | 08 | 26 | 1737 | ool 30

2006 Average 144 | 20 117 | 26 | 46 | 2685 | 0.107 282

Standard division | 9.3 55 30 | 15 | 16 | 069 | 0.060 402

Maximum | 260 | 314 162 | 65 | 87 | 4915 | 0235 118.1

- Minimum 25 133 68 | 08 | 28 | 2315 | 0045 23

7 Average 14.1 202 12 | 27 | 51 | 3491 | 0.6 253

Standard division | 8.3 47 32| 16 | 15 | 0817 | 0059 299

Maximum | 268 | 269 166 | 50 | 79 | 3545 | 0121 | 38 | 597

sopg | Minimum 20 97 88 | 10 | 36 | 1888 | 0015 | 17 50

Average 145 190 125 | 28 | 53 | 2327 | 0077 | 29 | 239

Standard division | 8.8 52 20| 12 | 14 | o431 | 0037 | 07 | 165

Maximum | 27.0 | 281 165 | 46 | 85 | 4242 | 0161 | 40 | 948

sopo | Minimum 20 126 77| 12 | 35 | 1676 | 0ot6 | 20 | 22

Average 153 | 213 119 | 25 | 55 | 2458 | 0059 | 32 | 332

Standard division | 8.9 51 30| 12 | 13 | 0715 | 0036 | 08 | 256

Maximum | 290 | 287 155 | 41 | 73 | 3787 | 0062 | 40 | 711

bs | 2010 | Minimum 0.0 102 92 | 07 | 30 | 1872| 0009 | 16 30

Average 146 | 20 123 | 22 | 51 | 2639 | 0041 | 29 | 277

Standard division | 10.0 61 22| 09 | 13 | 0597 | 0016 | 07 | 206

Maximum | 278 | 300 157 | 60 | 129 | 3995 | 0232 | 87 | 626

jop | Minimum 1.0 67 77| 07 | 29 | 1783 | 0013 | 19 03

Average 156 | 202 114 | 18 | 48 | 2690 | 0055 | 28 | 163

Standard division | 8.1 53 23| L1 | 18 | 0589 | 0037 | 12 | 131

Maximum | 335 | 295 149 | 42 | 79 | 4988 | 0138 | 59 | 593

2oy | Minimum 0.0 110 59| 06 | 27 | 1579 0015 | 12 19

Average 14.0 198 12| 19 | 48 | 2803 | 0043 | 27 | 180

Standard division | 9.7 53 23| 09 | 11 | 0805 | 0025| 10 | 126

Maximum | 286 | 315 144 | 41 | 74 | 4250 | 0.46 | 41 | 864

sop3 | Minimum 0.0 89 64 | 06 | 24 | 1830 | 0008 | 13 03

Average 137 203 L1 | 18 | 46 | 2573 | 0041 | 25 | 208

Standard division | 9.6 56 220 09 | 12 | 0540 | 0028 | 08 | 192

Maximum | 287 | 390 144 | 41 | 80 | 4612 | 0069 | 60 | 475

Jot4 | Minimum 1.0 136 61 | 08 | 27 | 1063 o011 | 17 17

Average 16.1 267 L1 | 20 | 48 | 2319 | 0028 | 30 | 147

Standard division | 9.2 65 20| 08 | 12 | 0699 | 0012| 08 | 100

Maximum | 302 | 378 135 | 38 | 81 | 3903 | 0088 | 56 | 6.1

sops | Minimum 35| 201 68 | 08 | 28 | 1048 | 0012 | 21 19

Average 188 | 281 100 | 18 | 46 | 2187 | 0027 | 30 | 154

Standard division | 7.9 45 17 06 | 13 | 0848 | 0013 | 08 | 141

Maximum | 32.1 397 150 | 53 | 71 | 5337 | 0114 | 43 | 844

st | Minimum 31 152 61 | 07 | 31 | 1346 | o011 | 19 09

Average 1 [\ Ao 107 | 19 | 50 | 2456 | 0032 | 29 | 179

Standard division | 9.1 56 24| 09 | 10 | 0893 | 0020| 06 | 131




