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The impact of Irrigation Water Pollution and Water Flow in Irrigation
Suspended Period
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Abstract

In 2020, in response to the most serious drought event, approximately 20,000 ha had
been suspended from irrigation of the 1st crop in 2021 in the TMO area (Taichung
Management Office). Without irrigation water supply, water in irrigation canals would be
domestic or industrial sewage due to complex mixed drainage systems in urban and rural
areas. The relationship between water quality and flow quantity has been established by 7
monthly water samplings where the first 3 samplings are in the suspended irrigation period
and the other 4 samplings are in the normal irrigation period. NP1 (Nemerow Pollution Index)
is used to assess water pollution, the results show that the NPI in suspended irrigation period
is significantly higher than normal irrigation period. Heavy and moderate pollution accounts
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for 12.9% and 18.3% respectively in the suspended irrigation period, while decreasing to
3.2% and 0.8% in the normal irrigation period. Water quality would be deteriorated in the
suspended irrigation period, and get improved in the normal irrigation period as pollution in
channels flushed by high water flow; therefore, corresponding suggestions and advices would
be proposed while in suspended irrigation period.

Keywords: Suspended Irrigation Measure, Drought Events, Irrigation Water Quality.
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SR3RR PG LT RIBE  deB A L AT RIBEE £ 31 A AR A AY T 5 2021 & 4
P10 AEMFLER 1E AT 426 R 3ADASF LY TREHT T
2100 X AZBRLF 2 TRBEEDT R F TERBE 2T ASBE S T
M BEL AT 4B 1 99T o
(=) BT R T AR EE AT KR RIE P

SEEREITRM R T R TR D 2021 & 117 22 2 Pou BEp R Tyns
520 iE2 BT ARG BY o KFHRAIED A EFHD 1052 FHE 95
AL EER P HPIZEPF 135 (DO) T AR (EC): & § (NH-N)2 %f,:;_rwﬁ;}p(ss)
245 g4I RBIZIER PG ¢ pdk E(pH) fch(Cu) « 4£(Cd) ~ &:(Pb) ~ £(Zn) ~
$5(Cr) ~ 4 (Ni) ~ # (As) 2 A (HQ)* 977 » tRRIE B L BT KT AR Ehod 1977 o

* /Eﬁﬁ]\’?é‘?m Q5 ﬂklﬁ e B|IE P VLR
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r%’FTIEEI H > e 2 AP ?#IJEEI H i~ Lig 2 A
%7 A (EC) uS/cm 750 O |as(cn mg/L 0.1 O
% ;% F148(SS) mg/L 100 O [#(Ni) mg/L 0.2 O
% ¥ (NHs-N) mg/L 3.0 O [ (Cu) mg/L 0.2 O
4% % % (SAR) (meg/L)? 6.0 4:(Zn) mg/L 2.0 O
7 4Rk e 4h (RSC) meq/L 25 45 (Cd) mg/L 0.01 O
% ®(Cl) mg/L 175 4-(Pb) mg/L 0.1 O
F i  (SO4%) mg/L 200 F4 (As) mg/L 0.05
% % (DO) mg/L >3.0 O & (Hg) mg/L 0.002
Mg B S A mg/L 5.0 pH mg/L 6.0-9.0 O
R mg/L 5.0
IZODSIO'O"F. 120°~‘3l0'0"F, 120°5IO'0"F,
§ i
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oM BB A TACE BT R AL

'pH & ¥ = ~EC 5 umho/cm25°C > H 438 p 355 mg/L -

’]‘ﬂ_g—xe‘_ﬁ

AR LR TR A
7 ;DO RiE &) B HAEES A
@;%ﬁ%ﬂ¢?ﬁﬂiﬁﬁ
AT A L TR AR
%ﬁﬁm?ﬁﬂﬂ*iwyﬁ?§?
* SSER MY 0 & FARAHRKELY
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Boh WA H F RS 2

BIIIN 2 I'Sii"' ~ A %}I'& ?P

3_1?}1;9" ;

AFR S H R T
PR R 33T MY/ ECAZ R BE F 5 P a ¥ 2 L

3B R 1,467 1 mho/cm25°C - SS AT E K
eAF S P gl p ¢
ﬁlg%ﬁ“jﬂfﬁﬁlz““

F 417 0 pH Az

RE BR8Py N FIHEALERH
ARz kR A B 5 032mg/ll 2 0.29mg/l ~ R FFEARERFHEE 28 3

*ﬂlb'??,7

Pk

B

[ 20 & % BT BT
AZHEIL G > H ¢ S mA gz EC At
SRFEF O HP &

R

oA

=X %fﬁ(‘%/ﬁ)

,;\ %fﬁ(l%

) g2 gLk R 5 013 mo/L > 2 I RIEALRE 200 6 BB (RIE) > A 5
AP T AR R R APV A RS ERIDAFREFIED FAAER L -
F 2 YUK E RS %
n $ 1= % 2= % 3= % 4= % 5= % 6= 57
B‘ (i%i§) (i%i§) (i%i§) (friE) (1 iE) (1 iE) (frig)
Ave. 1&E Ave. t&E Ave. I&iE Ave. 1&E Ave. t&E Ave. IE&iE Ave. 1RE
DO 8.61 8.35 9.40 8.72 4.34 4.08 1.44 1.37 3.43 3.32 3.50 3.46 3.79 3.78
EC 742 752 790 815 211 233 380 386 320 333 303 308 365 395
NHz-N| ND ND 0.40 0.64 0.49 0.49 241 444 0.23 0.24 0.01 0.02 0.06 0.06
SS 150 200 88 92 41 62 18 28 13 14 11 12 70 88
pH 7.83 8.07 8.55 8.70 8.93 9.39 8.54 8.95 7.38 7.39 8.13 8.48 8.13 8.29
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.02 0.02 0.01 0.01 0.03 0.04 ND ND 0.02 0.03 0.04 0.06 ND ND
Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ni ND ND ND ND ND ND ND ND ND ND ND ND ND ND
23 P a¥RFTRSE
. 1= % 2=x % 3= % 4=x % 5=% % 6 =% % 7=
E‘ (% %) (% %) (% %) (%) (%) (%) (R i#)
Ave. t®&E Ave. 1t&iE Ave. 1&iE Ave. t&iE Ave. 1&iE Ave. 1&iE Ave. 1&RE
DO 730 4.67 8.24 531 5.05 3.87 6.89 3.76 3.06 225 3.62 3.27 3.52 3.03
EC 616 890 709 1,045 347 507 371 596 467 693 372 591 407 637
NHs3-N| 0.05 0.37 1.21 5.16 0.34 1.37 0.86 2.64 1.41 8.84 0.40 1.24 0.37 0.57
SS 43 150 50 225 23 46 86 210 83 305 8 16 10 36
pH 7.69 8.17 7.97 8.52 7.69 8.02 8.18 9.56 7.28 7.43 7.32 7.63 71.27 7.68
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.03 0.05 0.02 0.06 0.01 0.04 0.03 0.05 0.03 0.05 0.02 0.08 0.04 0.10
Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ni ND ND 0.00 0.01 0.04 0.32 0.00 0.01 ND ND ND ND ND ND
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5 ¥ 1= ¥ 2% ¥ 3 =% ¥ 4 =% ¥ 5= ¥ 6= ¥ 7=

El‘ (iz®) (iz®) (i) (f i) (f2 i) (f2 i) (52 i)
Ave. t&iE Ave. 1&iE Ave. 1H&E Ave. 1&iE Ave. 1&iE Ave. t&E Ave. 1&iE
DO 3.61 1.90 5.71 4.22 2.74 1.38 3.02 1.74 5.10 4.13 3.78 3.40 3.19 3.00
EC 266 304 396 543 218 271 147 173 162 224 202 304 183 219
NHs3-N| 9.80 17.1 9.14 9.91 6.57 14.1 1.34 2.40 1.78 5.55 1.35 3.35 0.66 0.86
SS 0 0 6 25 16 27 19 25 20 73 33 110 11 22
pH 781 876 808 872 721 762 788 818 759 839 6.70 692 717 742
Cu 0.12 0.12 0.05 0.05 ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.02 0.04 0.02 0.03 0.01 0.01 0.03 0.03 0.03 0.04 0.04 0.06 0.02 0.02
Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ni 0.05 0.17 0.04 0.11 0.08 0.29 0.02 0.09 ND ND ND ND 0.02 0.06

305 FAHPRTE R %

7 % 1= % 2= % 3 =% % 4 = % 5= % 6= ¥ 7=

OGS ) (i 8) (i#38) (%) (%) (%) (k%)
Ave. 1&E Ave. t&E Ave. I&iE Ave. 1&E Ave. f®E Ave. &iE Ave. 1RE
DO 366 083 428 033 511 322 306 079 374 165 383 333 332 297
EC 429 864 541 1,467 224 344 309 851 178 320 314 710 186 240
NHz-N 48 337 19 64 2 5 5 10 1 2 4 17 1 1
SS 39 100 28 150 6 29 40 65 6 26 21 88 36 170
pH 7.40 8.34 7.47 8.35 7.51 8.10 7.37 7.66 7.24 7.61 6.69 7.85 7.23 7.81
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND 0.00 0.02 ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.03 008 002 004 001 004 008 032 002 004 011 052 0.02 0.02
Cr 0.06 0.09 0.06 0.06 ND ND 0.02 0.02 ND ND 006 008 0.03 0.03
Ni 0.04 0.09 0.04 0.16 0.03 0.05 0.01 0.01 0.00 0.00 0.02 0.03 ND ND

26 TR TE RS %

. % 1= % 2= % 3= % 4 = % 5= % 6 = % 7=

ﬂ‘ (% %) (% %) (1% 7#) (11 ) (11 ) (11 7#) (11 7®)
Ave. t&iE Ave. 1&iE Ave. 1&iE Ave. 1&E Ave. 1&E Ave. 1&E Ave. I&iE
DO 367 234 220 070 391 23 375 359 390 376 410 408 336 3.16
EC 430 682 352 440 193 245 248 268 188 219 251 256 219 247
NHs3-N| 6.85 14.1 5.66 6.36 2.40 2.53 0.50 0.57 0.82 1.03 2.44 3.84 0.11 0.17
SS 10 29 1 2 8 12 50 55 1 2 34 49 19 26
pH 7.62 7.97 7.76 8.34 7.80 8.03 8.15 8.21 6.95 7.07 7.36 7.44 7.48 7.82
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.01 001 001 0.01 ND 001 003 003 003 005 002 004 001 0.02
Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ni ND ND ND 0.01 ND ND ND ND ND ND ND ND ND ND

RS RN LE PN R

7 1= ¥ 2= % 3% % 4 = % 5 =% ¥ 6= % 7 =%

B‘ (%#) (i%i§) (i) (11 %) (11 %) (11 %) (1)
Ave. 1&iE Ave. t&E Ave. 1&iE Ave. 1&iE Ave. t&E Ave. 1&iE Ave. 1&RiE
DO 419 2.03 3.35 2.33 4.05 3.37 4.09 3.14 4,67 3.77 3.41 2.97 3.63 3.14
EC 357 417 365 475 195 251 239 265 245 257 237 317 248 283
NHs-N| 7.14 128 844 148 193 512 125 196 077 162 1.08 244 264 3.65
SS 23 33 7 35 10 22 22 30 6 18 8 20 30 58
pH 7.60 8.56 7.45 7.66 7.73 8.05 7.34 7.49 7.07 7.36 7.18 7.27 7.46 8.73
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.03 0.05 0.05 0.10 0.05 0.16 0.04 0.06 0.03 0.04 0.05 0.10 0.02 0.04
Cr 0.01 0.02 0.01 0.01 0.11 0.13 ND ND ND ND 0.01 0.01 0.01 0.02
Ni 010 011 008 017 003 004 0.02 0.03 001 0.02 ND ND 001 0.02
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38 wF A¥RFERSE

¥ 1= ¥ 2% ¥ 3 =% ¥ 4 =% ¥ 5= ¥ 6= ¥ 7=

(iz®) (iz®) (i) (f i) (f2 i) (f2 i) (52 i)
Ave. t&iE Ave. 1&iE Ave. 1H&E Ave. 1&iE Ave. 1&iE Ave. t&E Ave. 1&iE
DO 9.73 9.73 5.82 5.82 6.50 6.50 4.61 4.61 7.77 7.77 461 4.61 3.28 3.28
EC 299 299 481 481 345 345 259 259 234 234 343 343 273 273
NH3-N| ND ND 090 090 026 026 08 08 003 003 017 017 046 0.46
SS 0 0 10 10 2 2 21 21 8 8 4 4 6 6
pH 686 68 856 856 898 898 685 68 68 689 811 811 850 850
Cu ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Zn 0.02 0.02 0.03 0.03 ND ND 0.05 0.05 0.04 0.04 0.04 0.04 ND ND
Cr ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ni ND ND 0.01 0.01 ND ND 0.01 0.01 ND ND ND ND ND ND

I
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BRI A D RAcd 90T X K BT oAy B S T 308§ 0.017~0.037 cms>
iR I35 £ 0.009~0.066 cms B EF A E 22 % 403 4 5 0.008 cms o
BAMERFANETANAES0066CcmMs R A REEE ) BELELZOBR Py
JEHp AT 395§ 0.088~0.161 cms ¢ 4p g fF T 57 £ 0.058~0.25cms 5 B i BB 4 0
53T BAEANT ERGE O B AREFANFTIAEE 025cems & iﬁfé__%i?ﬁw pret
@i 1601 & - LR RA &HAREWV%EP&\M.Eiﬂ L AFXiRE
BT an £ 0.049~0.097 cms » g g F T iaRE 5 0.233~0.544 cms > B R BB 4

P 2XAAN T EARE R AR EF AN E 6B AL 1.902 cms o Bk B & B
4i%“ﬁé1%2P‘7§i P ey AR BT N T IRES R EEZ T

LR E < Emy REHFTIHRE 0.007~0.047 cms o ARIEH F LT E
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MEFAE 3B A 0006CcmMs B AR EF AR 40 A 5 0966ems B E
BEC RV R :“a 161 & ; v A¥ R EH F L5 E 0.321~0.465 cms » 4p /@ Hp FF T 35
o 0.354~0.587cms B BT A S R B A W B 4 A 3403 4 5 0.321 cms~0.587 cms>
BAIEEE BN ELZ ISR BT EE R REDTHIAE LR AP R -

Cok F R E mlficf 2 b+ By #c

FEAE T BRI R (DF Q)R A WP N A 2 M R i
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RN &vgiﬂ&l SIAGEYS R-SIRNE FTINE - CLINENE & LN L L PR
ﬁ.%‘aiﬁﬁximﬁm CH Y R E R 2 SRR L2 4205 2 B Y ERE S
KFRETHERAF S LB EEARETD o AR AT FERY L EE RS
BB R AYIIRA D TP Redg o 0 CRFTIR B 3O E AR R R AR E L
GEF AR TIRE T TR o B BRI B 2 K TR N R
EREELEEFUR T AN BREYRF L2 RERET AT L 58
P E o S A EE R BRI I A FH A G A RFPRE O R B
waﬁfféﬁ4%ﬁﬁﬁﬁ%éii§%%$&’a&%iﬂéaﬁiiaéw~
5

FAYRE kS LR A RS K
29 By n BRI %
27
% B 5P A poa Ay e T A - ;z ;, o A
Ave. 0.037 0.161 0.097 0.020 0.026 0.196 0.465
5 1= Max. 0.054 0.983 0.278 0.096 0.051 0.733 0.465
(i%i#) Min. 0.021 0.007 0.001 0.002 0.007 0.028 0.465
SD. 0.024 0.334 0.126 0.034 0.022 0.302 -
Ave. 0.017 0.094 0.049 0.007 0.046 0.225 0.394
¥ 2= Max. 0.026 0.584 0.178 0.032 0.133 0.863 0.394
(i=#) Min. 0.008 0.003 0.000 0.001 0.001 0.036 0.394
SD. 0.013 0.198 0.074 0.011 0.075 0.357 -
Ave. 0.017 0.088 0.090 0.047 0.028 0.167 0.321
5 3= Max. 0.021 0.478 0.420 0.192 0.055 0.581 0.321
(i) Min. 0.013 0.000 0.003 0.001 0.009 0.006 0.321
SD. 0.006 0.161 0.185 0.066 0.024 0.237 -
Ave. 0.009 0.248 0.233 0.115 0.307 0.269 0.587
¥ 4= Max. 0.010 1.047 0.536 0.703 0.393 0.966 0.587
(fhi#) Min. 0.008 0.002 0.003 0.002 0.219 0.034 0.587
SD. 0.001 0.389 0.225 0.260 0.087 0.392 -
Ave. 0.012 0.058 0.266 0.183 0.130 0.197 0.516
5 5= Max. 0.015 0.134 0.943 0.541 0.196 0.669 0.516
(4 i#) Min. 0.009 0.001 0.002 0.014 0.051 0.026 0.516
SD. 0.004 0.056 0.383 0.244 0.073 0.267 -
Ave. 0.032 0.122 0.544 0.064 0.109 0.156 0.354
5 6= Max. 0.033 0.551 1.902 0.296 0.228 0.569 0.354
(1) Min. 0.032 0.004 0.003 0.002 0.044 0.020 0.354
SD. 0.001 0.181 0.780 0.107 0.103 0.235 -
Ave. 0.048 0.250 0.420 0.172 0.252 0.222 0.536
7% Max. 0.066 1.601 1471 0.675 0.457 0.864 0.536
(4 i#) Min. 0.030 0.005 0.006 0.009 0.038 0.024 0.536
SD. 0.026 0.549 0.623 0.248 0.210 0.361 -
Max./Min. 66 1,601 1,902 703 457 161 1.83

AR A WL RE Rl R RE LY
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210 & ¥R R B E S %

I
whwE | e s age gEme e 2R wga
Ave. 1.095 0.777 2.343 3.325 1.684 1.922 0.570
Max. 1.444 1.096 4.080 5.292 3.366 3.047 0.570
¥ 1= Min. 0.746 0.616 0.973 0.620 0.743 0.587 0.570
(1% §) SD. 0.493 0.202 1.118 1.455 1.460 1.230 -
?7%; SS SS NHs-N NHs-N NHs-N NHs-N pH
Ave. 0.785 0.966 2.184 4.205 1.980 2.077 0.702
Max. 0.804 1.624 2.376 6.508 3.070 3.532 0.702
¥ 2= Min. 0.765 0.646 1.781 2.268 1.342 0.664 0.702
(1% §) SD. 0.028 0.334 0.245 1.686 0.949 1.357 -
;’}%;‘i’; EC SS NHs-N NHs-N NHs-N NHs-N pH
Ave. 0.729 0.703 1.667 0.709 0.756 0.847 0.725
Max. 0.769 1.168 3.364 0.922 0.935 1.236 0.725
% 3= Min. 0.688 0.620 0.626 0.603 0.664 0.655 0.725
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