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Abstract

The Analysis of Water Quality Performance Before and After Environmental
Improvement of Hualai River and Chaoyang River, Two Urban Rivers That Play an
Important Role as Water Environment Buffer Zones for the Feng Chia University and
Taiwan Boulevard Shopping District, as well as for Local and Urban Development.
This study uses river pollution indicators to assess and analyze water quality, and to
understand the differences in water environment before and after improvement in
Hualai River and Chaoyang River. Five water quality surveys were conducted in this
study, and the ecological engineering related to natural purification efficiency of river
water quality was investigated using the theory of water quality biochemical reactions.
The water quality analysis trends in this study revealed that Hualai River and
Chaoyang River still exhibit instability in parameters such as ammonia nitrogen,
biochemical oxygen demand, and nitrite. The study calculated the amount of oxygen
consumption per gram of ammonia nitrogen using the theoretical formula of
biochemical reaction. It is feasible to reduce half of the ammonia nitrogen in the water
body by increasing dissolved oxygen through aeration, waterfall, or the addition of
aquatic plants, given the current flow conditions in Hualai River and Chaoyang River.
This interdisciplinary study combines disciplines including hydraulic engineering and
environmental engineering, and its findings can not only serve as references for future
strategies to improve Hualai River and Chaoyang River, but also contribute to further
research in enhancing the quality and efficiency of water quality improvement.

Key word : Theoretical formula ~ Urban rivers ~ Water environment improvement ~
Water quality survey
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Disturbance Description

Physical

Suspended solids and turbidity increase; temperature increases if there are cooling water

characteristics discharges.

Faecal pollution

Mainly in cities of developing countries, particularly in those with fast growth. Faecal
coliform counts can be as high as 10° MPN'/100 mL.

Organic matter

Raw wastewaters as well as treated wastewater (to a lesser extent) produce dissolved oxygen
demand and nitrogen release in rivers. The effect is directly related to the ratio of the
polluting discharge to river discharge. Disturbances can be observed from some kilometres to
up to 100 km from the discharge point. Turbulence helps to re-oxygenate the riverine water.

Eutrophication

Between 1950 and 1960, first reports of eutrophication in lakes and reservoirs were made;
later, in the 1970s, the same problem was reported for rivers.

Treated sewage, as well as mining and industrial discharges, contain salts, which increase the

Increase in salinity salinity of water supplies, especially in arid and semi-arid areas with high rates of

evaporation.

T"MPN — most probable number
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1] 2 | 3 1 5 6 7 8 9 10
b=} Ee B% | KR | 4 |COD |k | B® | BOD | SS | & | pp [AJISH
By E/AERIEE 5] (] (mg/L)|(mg/L){(mg/L})| (mg/L) |(mg/L)|(mg/L) BE
106/4/27 | 24 | 71| 164 | 18 [325| 34 | 41 [528| 5 |chESH
1 MR L 106/4/27
o427 | 243 739|578 | 43 | 286 | 341 | 47 | 134|725 |mEsH
106/4/27 =
, | Mo mnempsm | G000 | 249|704| 281 | 18 | 425 | 94 | 76 | 374|575 | PESH
(R 75 B%) 10674727 | 25 (703|246 | 09 | 491|124 | 24 |259 | 45 |pESH
106/4/27 | _ p—
, | MG mpmmms | 1000 707| 84 | 43 |299| 20 | 29 |98 |7.25 |mEsn
(ETEEEE) 108227 | 245 |6.67 | 75.8 | 43 | 267 | 41.8 | 22.8 | 16.8 | 7.25 | BES®
106/4/27 =3
o | memmms o427 1 247 [7.04| 225 | 4 | 422 | 10 | 82 | 281 475 | smESH
(SEEREERE) (1064727 [ 556 (719 43 | a4 | 287 175 [ 258 | 558 | 65 |maEsn
e 1027 | 26 |749| 137 | 65 | 251 | 41 | 275 | 20 |7.25|mESH
5 £ 174 B5) 7
(&= 10674727 1 26.2(7.03 | 493 | 367 | 211 | 280 | 263 | 21.9 | 7.25 | mESH
106/4/27 5
| mmmmw a2l | 25 716|362 | 42 | 341|161 | 115 | 116 | 675 | BESH
= 1082727 | 252 | 691|487 | 3 |349|201| 25 |5.07 725 |@ESH
106/4/27 =3
. Hammn 64727 1 261 | 7.6 | 455 | 27 | 368 | 13.8 | 124 | 314 [ 575 | s
(ZE2EZ) 108427 | 26.4 | 7.58 | 704 | <05 | 314 | 28.3 | 18.8 | 327 | 6.75 | ME SR
106/4/27 =
o | THEamEE 07| 25 [7.21]17.7 | 34 |453 | 85 | 92 | 67 |575 |smESH
e = =
(EEEPIBTE) 10677271 54| 7.2 [ 456 | <05 | 455 [ 265 | 264 | 3.85 [ 65 |mE=®
AER T R REE PR RRE PR L HMIRE R ) IR (L0 S R
kA1 2018)
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fre w2 kA T

% 42 ¥ zi—zi-lsﬁ*ﬁﬁ z45(110 # 1 % £ 110 & 10 7))
F/8 BEE £EREE MFERE a8 RPI{&E SREE
110/01 1 3 1 6 2.75 S
110/02 1 3 1 [ 2.75 EPeE
110/03 3 3 6 6 4.5 ESEl
110/04 1 1 1 6 2.25 EETH
110/05 3 1 1 6 2.75 WEST
110/06 1 1 1 6 2.25 [ et
110/07 1 3 1 6 2.75 RS
110/08 1 1 1 3 1.5 NGz
110/09 3 1 1 6 2.75 EESH
110/10 3 3 1 6 3.25 hETH
ORIk T R IR (B2 K g & > 2021)
Y FE SR
A1 E 59 ! (T 5 KFR Ho g EArE 4-3~4 4-7
AF) o (FRHRBEACF = 2 4 3424 341t ) (R ATy @ 2 R
B FLTAEE ;£ 04mg/l F pEE-EEFER > T HRRIE >04 mg/lL

Rz 0.4 mg/l % 7 2
£ 41173 BB-KFA S 5 (11158 §F : 28°C)

PR kiR pH ] BOD | % # PR | LA R sg \ ELEERR [HS1]: B{ir?
(*c) (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L)
BEEL | 230 7.02 5.34 0.1 0.12 0.43 0.060 2.25
WEEY 5 | 230 7.13 2.85 1.13 3.68 0.90 0.065 39
BEET S | 230 6.92 3.21 1.13 3.49 0.61 <0.002 5
B AGE P | 240 7.28 6.9 74 3.47 1.20 0.041 1
B kiYL 245 7.59 8.4 11.4 3.44 0.90 >0.4 1.5
BORGEY 252 240 7.53 6.9 6.4 3.80 0.91 >0.4 22.75
B XETH | 250 7.21 6.5 43 1.72 0.44 0.189 9.25
£ 412F 3 BB KA % (11164, § 8 : 30°C)
B R ki | pH | #F | BOD | £ | BB | TAEB | SS | mnmms:wi
(*C) (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L)
BEED S 261 | 790 | 6.17 5.78 0.23 0.34 0.050 5.25
PR 260 | 740 | 474 5.91 3.38 0.52 0.081 15.25
WEET S 263 | 740 | 431 5.51 4.28 0.80 0.470 4.25
B kR 270 |[729| 57 4.2 231 0.95 0.097 2
B k91| 270 | 755 5.7 5.1 251 1.16 0.396 1.75
BokiEY 52| 275 | 747 | 56 6.8 2.45 1.09 >0.400 45
B ORGET R 261 | 708 | 56 3.2 0.98 0.34 0.129 05
29 #T X HEH 4L ePaper(2023 &)



B KRS L Gk TR B T 15 2 R R A 4
4 4- 13451 T KA % (1116.19, §E : 31°C)
HEHeE ki | pH | #% | BOD | 4% Bife @ LR SS | T (Hs3l: i
(c) (mg/L) (mg/L) | (mg/L) | (mg/L) (mg/L) | (mglL)
PEEL 5 | 260 [801| 767 | 094 | 017 0.47 0.050 6.5
WEEEY % | 260 | 752 642 | 211 3.7 0.53 0.068 3.25
PEET A | 260 [7.32| 604 | 211 2.9 0.47 0.094 6.75
BkiErps | 280 | 733 7.9 1.6 2.99 1.32 0.169 4.25
BAGEP 51| 260 | 764 7.6 1.6 2.71 0.68 0.396 3.25
BkGEY 52| 265 | 793 7.8 1.4 2.25 0.95 >0.400 11
A A 260 |723| 70 2.3 2.13 0.44 0.139 1
£ 41473 B KA S % (111.7.25 § @ : 31°C)
$fr=% | ki | pH | %F | BOD | 43 | HMB | TAMD | SRR [H54): i fr?
(c) (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mglL)
BPEEL 5 | 285 |7.70 | 419 | 116 0.23 0.41 0.044 25
LY 5 | 280 |7.37| 432 | 7.85 3.12 0.43 0.072 7.25
WEET ¥ | 280 |742| 36 | 6.69 4.07 0.44 0.117 8.75
AkiErpE | 200 | 730 5.0 3.0 1.99 0.96 0.148 8.5
BdGEY 51| 205 749 47 3.8 1.25 0.61 0.400 35
BodkEe 52| 290 [7.00| 4.9 4.2 1.09 0.48 >0.400 10.25
B k75 | 285 |7.05| 5.3 4.2 0.54 0.21 0.153 55
% 415§ %@L FA 4 % (11199, § 7 : 28°C)
Eo - ] KR pH ¥ BOD 3% porgioag. ] TR e B ss ‘E*ﬁmmsslﬁﬁz?
(c) (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L)
BEEL % | 295 | 856 | 5.51 3.33 0.3 0.37 0.063 3.75
WIEEY 5 | 200 | 774 | 4.83 8.54 2.71 0.46 0.078 20
WL %’? 295 |7.35| 462 8.4 3.04 0.43 0.088 12.5
AkiErps | 310 | 770 45 0.3 0.94 0.23 0.070 13
BkEY 51| 310 | 742 50 1.2 0.91 0.33 0.226 3
BkEY 52| 200 | 752| 54 0.9 0.92 0.29 0.191 12.25
BdkETs | 290 |7.19| 5.2 2.0 1.42 0.28 0.076 8.5
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i ¥
# 5253128 x 457 = 1063189 » AT Kk ¥ 43
5.34 = 1000 x 7960000 = 42506.4g » H # % & &

KRBT E (s 2 K A

5368mg/ly FREFALFLAEENEED 05mg/L > B-kP F &I

£ % (3.68 —0.5) X 7960000 = 25312800 mg = 25312.8 g~ F|}* 7 & 13

PR ah il S 3t B drd 45-1~4 4560 d P %W
Ko F RGP R A EA N PIELE D Y ARE o

TR ERETIARTLP R

YU LAY R E e B kR

3451 WH- P E B R-EEY

£ (L/day) AF kR

P# | 7960000 | 27960000 | 47960000 | 67960000 | 87960000 | 117136000 | P 1

0.5 mg/L

EEIA() 2 A

(mg/L)
5 89 |115679.5 | 4063315 | 6969835 | 9876355 | 1278287.5 | 1702290.6 | 3.18
67 4p |104766.3 | 367998.3 | 631230.3 | 894462.3 | 1157694.3 | 15416972 | 2.87
6 19 7 | 116407.0 | 408887.0 | 701367.0 | 993847.0 | 1286327.0 | 17129969 | 3.2
77 257 | 95308.3 | 334776.3 | 574244.3 | 8137123 | 1053180.3 | 14025162 | 2.62
9' 9p | 803936 | 282387.6 | 4843816 | 686375.6 | 888369.6 | 11830385 | 2.21

40452 WR- FEBE-PEET S

7+ (L/day) iR

p# | 7960000 | 27960000 | 47960000 | 67960000 | 87960000 | 117136000 | P %5

0.5 mg/L

EERAC) 24

(mg/L)
5° 87 |108767.8 | 382053.8 | 655330.8 | 928625.8 | 1201911.8 | 1600581.4 |  2.99
6 4p |137505.8 | 482997.8 | 828489.8 | 1173981.8 | 15104738 | 20234775 | 3.78
67 197 | 87305.3 | 306665.3 | 5260253 | 7453853 | 9647453 | 12847476 | 24
77 257 | 129866.6 | 456164.6 | 782462.6 | 11087606 | 1435058.6 | 1911062.1 | 3.57
97 9p | 923081 |324554.1 | 556710.1 | 788866.1 | 1021022.1 | 13596913 | 254
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Y R

%453 FR-+V+ERF-A Rk M4

i (Liday) 5k
P# | 34207000 | 74297000 | 114297000 | 154297000 | 194207000 | 216000000 | % P #
%05
e m mg/L 2
EEI A (¢)) iE
(mg/L)
57 87 | 465500.8 | 10084258 | 1551341.8 | 2004257.8 | 26371738 | 20317464 | 2.97
67 47 | 2836945 | 6145625 | 945430.5 | 12762985 | 1607166.5 | 1786687.2 | 1.1
6 197 | 300275.9 | 845447.9 | 1300610.9 | 1755791.9 | 2210963.9 | 2457928.8 | 2.49
77 2570 | 233538.6 | 505910.6 | 778282.6 | 1050654.6 | 1323026.6 | 1470808.8 | 149
9% 9p | 689644 | 149396.4 | 2298284 | 310260.4 | 390692.4 | 4343328 | 0.4
3454 HA- FEEE-R KR 1
%4 (Liday) £F kR
p# | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | B $-
0.5 mg/L
EERAC) 2 A4
(mg/L)
5% 89 |460807.6 | 998239.6 | 15356716 | 2073103.6 | 2610535.6 | 2902132.8 |  2.94
6 47 |315042.0 | 682470.0 | 1049898.0 | 1417326.0 | 1784754.0 | 19841112 | 2,01
6 19 p | 346380.4 | 750377.4 | 1154365.4 | 1558353.4 | 19623414 | 21815352 | 2.21
77 25 | 117553.0 | 254653.0 | 391753.0 | 528853.0 | 665953.0 | 740340.0 | 0.75
97 9p | 642623 | 1302103 | 2141583 | 2891063 | 364054.3 | 4047192 | 041
4455 HA- P EBE-R REY 52
it 2 (L/day) i¥k
P# | 34207000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | 7 P f
= 05
s m mg/L 2
A (%) i
(mg/L)
57 8p |517233.1 | 1120473.1 | 1723713.1 | 2326953.1 | 2930193.1 | 3257496.0 | 3.30
6 4p |305637.7 | 662097.7 | 1018557.7 | 1375017.7 | 1731477.7 | 1924884.0 | 1.95
6 19 p | 274200.3 | 594190.3 | 914090.3 | 1233990.3 | 1553800.3 | 1727460.0 | 175
77 2579 | 924750 | 200327.0 | 308179.0 | 41603L0 | 5238830 | 582400.8 | 059
9% 9p | 65820.7 | 1426057 | 21938L7 | 296157.7 | 3720337 | 4145904 | 0.42
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KRBT E (s 2 K A

4 456 FR-FEHEF-BARETH

7+ # (L/day) % kR

P | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | P 1 3

0.5 mg/L

EERAC) 24

(mg/L)
5% 8p | 1912195 | 4142355 | 637251.5 | 860267.5 | 1083283.5 | 1204286.4 | 1.22
6" 4p | 752339 | 162977.9 | 250721.9 | 338465.9 | 426209.9 | 473817.6 0.48
67 19 p | 255481.8 | 553445.8 | 851409.8 | 1149373.8 | 1447337.8 | 1609005.6 | 1.63
7% 25p | 62695 | 135815 | 208935 | 282055 | 35517.5 | 39484.8 0.59
9" 9p |1441983 | 3123743 | 480550.3 | 648726.3 | 816902.3 | 908150.4 0.42

AL
VLRSS P 0)(R 44T) R RA Y R A2 5 FER 5 3.68

mg/lL> 225 hdiciE- L =% kR 1.84mg/» B-k? ZEA|RNE § £ 5

(3.68/2) x 7960000 = 14646400mg = 146464 g > FI}* Z & h§ § &

14646.4 X 4.57 = 669349 & -k ¥ 3 § £ 5.34 + 1000 x 7960000 = 42506.4g

fEARIT > BB BB ALY

oo B RETIM B Bl £ A Y S 2

PEEEINAZ TGP ARR E R P B Aok
45-7~% 4512 0 p ST IFRIPF LR RERR > Fikhie kg
pEFa o RITRFAERE KT - 2 Rk A a2t MR Lk

.y g owe L 2 ge S oer 4 ey ey em
SR ERER R R R

FITRG FlEE Fpt S Fp g H B gk AT Kvg v ey AokTHRB L 1 e
kTokER SR S RHEHFRECfoRZ AR RRIFIAF LR -
£ 457 BFR-FEREPER

g (Liday) % kRD
p# | 7960000 | 27960000 | 47960000 | 67960000 | 87960000 | 117136000 | 1 3 & #cis
ST
+ g EH
B2 A (¢)) (mg/L)
57 87 | 669340 | 235110.0 | 403286.0 | 571462.0 | 739638.0 | 9849732 184
67 4p | 61477.5 | 2159435 | 370400.5 | 524875.5 | 6793415 | 904676.5 1.69
67 197 | 67207.8 | 236387.8 | 405477.8 | 574567.8 | 743657.8 | 9903263 185
70 257 | 567484 | 199332.4 | 341916.4 | 484500.4 | 627084.4 | 835086.0 156
97 9p | 492911 | 173138.1 | 206985.1 | 420832.1 | 544679.1 | 725347.1 136
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% 458 ¥HR=-E

ST B T EING T

BE-PEETH

£ (L/day) fF kR

p# | 7960000 | 27960000 | 47960000 | 67960000 | 87960000 | 117136000 | 1% 3 &2 #cit:

- L i@

35 £ m@jg
51 8p | 634782 | 222971.2 | 382464.2 | 541957.2 | 701450.2 | 934118.6 175
67 4p | 77847.2 | 2734432 | 469039.2 | 664635.2 | 860231.2 | 1145566.7 214
67 19 p | 527469 | 185276.9 | 317806.9 | 450336.9 | 582866.9 | 776201.7 1.45
77 257 | 74027.6 | 260026.6 | 446025.6 | 632024.6 | 818023.6 | 1089358.9 2.04
97 9p | 552933 | 1942213 | 333149.3 | 472077.3 | 611005.3 | 813673.5 152

£ 4590 FR-SESE -4 kL

5§ (L/day) fF kR

P ¥ | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | # 1 5 J

Heit -

7520 240

(mg/L)
59 8p |271939.2 | 589097.2 | 906255.2 | 12234132 | 1540571.2 | 1712653.2 | 174
67 4p | 1810316 | 392165.6 | 603299.6 | 814433.6 | 1025567.6 | 1140123.6 | 1.6
67 19 p | 2343222 | 507608.2 | 780894.2 | 1054180.2 | 1327466.2 | 1475744.4 | 150
71 25p | 155953.6 | 337839.6 | 519725.6 | 701611.6 | 883497.6 | 982184.4 1.00
97 9p | 736665 | 159582.5 | 245498.5 | 3314145 | 4173305 | 463946.4 0.47

% 4510 FR-FEEF-ARE ¥4

£ (L/day) fFER

P | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | P # 3

foip - X

EEIRA()) 2 A8

(mg/L)
57 8p |269588.1 | 584004.1 | 898420.1 | 1212836.1 | 1527252.1 | 1697846.4 | 2.94
67 4p |196705.3 | 426119.3 | 655533.3 | 884947.3 | 1114361.3 | 12388356 | 201
67 19 p | 212379.0 | 460073.0 | 707767.0 | 955461.0 | 1203155.0 | 1337547.6 | 2.21
77 259 | 97960.8 | 212210.8 | 326460.8 | 440710.8 | 554960.8 | 616950.0 0.75
97 9p | 713155 | 1544895 | 237663.5 | 320837.5 | 4040115 | 449139.6 0.41
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ST B T EING T

%4511 FR-oVESS-R 1Y 42

i 2 (L/day) kR
P | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | F 1% 3 A
i
EERAC) 2 A
(mg/L)
5% 8p |297800.9 | 6451209 | 9924409 | 13397609 | 1687080.9 | 18755280 |  1.72
67 4p |192003.2 | 4150332 | 6398632 | 863793.2 | 1087723.2 | 12092220 | 126
67 197 | 1763205 | 3819795 | 5876205 | 7932795 | 998929.5 | 11105100 | 136
70 257 | 85421.8 | 185047.8 | 2846738 | 384299.8 | 4839258 | 537980.4 |  0.63
9% 9p | 72009.2 | 156187.2 | 240275.2 | 324363.2 | 4084512 | 454075.2 | 046
34512 R PEBE-AlETH
g (L) ¥ RAR
P# | 34297000 | 74297000 | 114297000 | 154297000 | 194297000 | 216000000 | F 1% 3 A
i
7% 20 =
(mg/L)
5° 87p |134794.1 | 292002.1 | 449210.1 | 606418.1 | 763626.1 | 8489232 | 086
6 4p | 768013 | 1663733 | 255045.3 | 345517.3 | 435089.3 | 483688.8 |  0.49
67 197 | 166925.2 | 361607.2 | 556289.2 | 750971.2 | 945653.2 | 1051282.8 | 107
70 259 | 423191 | 91675.1 | 1410311 | 190387.1 | 2307431 | 266522.4 | 055
97 9p | 1112835 | 2410715 | 3708595 | 500647.5 | 6304355 | 7008552 |  0.46
4 45-13 $r R FREARG A4
| A B kE
AR 5
PR a i
LR = £
YRR 5 g
i g FEEY. 3
[ e ]
i‘“:% jiﬂ”f?iﬁi;; Bk it 4 3 L50% Bk it 4 2 L50%
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