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ABSTRACT

This study addresses the constraints of agricultural water resources in Kinmen by evaluating
the feasibility and management risks of using various blending ratios of Kinmen Kaoliang Liquor
distillery wastewater (KKL) and Houlong Creek water (HL) for irrigation. The research further
integrates the application of biochar (BC) and surveys of local stakeholders. Field experiments
included a control group (HL) and four wastewater blending treatments (T20, T40, T60, and T80),
with each treatment subdivided into plots with and without BC application to monitor changes in
irrigation water quality and soil physicochemical properties. The results indicated that increasing
the proportion of distillery wastewater significantly elevated the electrical conductivity (EC),
sodium (Na) concentration, sodium adsorption ratio (SAR), and residual sodium carbonate (RSC)
of the irrigation water, highlighting potential sodicity risks at medium-to-high blending ratios. While
soil indicators exhibited temporal fluctuations, the overall trends aligned with the water quality risks;
however, BC application demonstrated conditional mitigation effects. Regarding crop validation,
sodium accumulation in sorghum occurred primarily in the roots and panicles, with concentrations
increasing significantly as the wastewater ratio rose. Stakeholder surveys revealed that distillery
employees support the reclamation project and show high cooperative intent. Conversely, while
farmers recognize the water scarcity, they remain concerned about soil salinization and crop quality;
their willingness to participate depends heavily on the transparency of water quality monitoring. In
conclusion, the reuse of distillery wastewater for irrigation shows promise, provided that a
framework for blending control, routine monitoring, and information disclosure is established,

alongside technical guidance to mitigate environmental risks.

Keywords: Distillery effluent, Sodium, Sodium adsorption ratio (SAR), Residual sodium
carbonate (RSC), Water resource reuse.
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110-5 110-Fk 111-% 11-5 11Fk 112-& 11225 112K

pH 7.73 8.27 7.7 7.97 7.8 8.1 8.1 7.8
EC (uS/cm) 3603.33 3316.67 32325 342333 3190 4440 4810 4040
CI (mg/L) 258 253.33 248.75 159.4 210 246 240 213
SO4* (mg/L) 45.9 41.73 477 60.9 58.6 65.1 64.7 412
SAR (megq/L)!"2 12,5 10.57 8.03 113 11.8 18.2 2238 15.4
RSC (megq/L) 13.63 11.67 10.13 20.47 20.7 30 335 21

Na (mg/L) 500.67 448.67 3495 388.33 413 800 802 634
Ca (mg/L) 14.83 16.43 14.15 13.6 13 15.9 15.8 18.6
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x4 ARBBERRKARNRARFEIEIAZL1Z pH E

HHA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 5.88 5.24 5.55 5.47 5.8 5.67
113/10/17 6.5 6.47 6.5 6.53 6.61 6.59
113/11/20 6.94 6.69 6.55 6.61 6.52 6.52
113/12/10 5.22 5.25 5.8 5.76 6.21 6.33
113/12/26 5.48 5.53 6.29 6.43 7.03 6.53
114/01/16 54 5.18 6.21 5.65 6.86 6.49
114/02/11 5.66 5.51 6.43 6.1 6.42 6.46

HHA T60 T60+BC T80 T80+BC
113/8/28 5.83 5.75 6.01 5.66
113/10/17 6.71 6.45 6.79 6.57
113/11/20 6.46 6.48 6.38 6.37
113/12/10 6.33 6.43 6.22 5.72
113/12/26 6.93 6.33 6.89 6.46
114/01/16 7.05 6.51 6.49 6.4
114/02/11 6.7 6.58 6.64 6.39

x5 ARHMERRKARNRAERESHZTIREEEE

HHA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 69.33 200.93 54.23 102.53 61.13 113.83
113/10/17 129.6 134.07 120.4 93.74 126.07 90.33
113/11/20 259.03 225.13 290.57 167.37 188.57 219.87
113/12/10 186.6 281.07 205.9 2533 187.63 195.3
113/12/26 262.4 370.07 185.4 94.49 131.2 171.07
114/01/16 169.7 358.43 131.63 256.83 179.47 217.67
114/02/11 160.63 282.57 210.67 155.13 337.8 211.23

HH T60 T60+BC T80 T80+BC
113/8/28 64.23 169.23 71 205.67
113/10/17 101.29 129 145.53 175.37
113/11/20 184.4 172.8 199.57 258.2
113/12/10 195.07 207.53 254.67 258.87
113/12/26 190.7 298.97 261.6 448.47
114/01/16 269.93 349.23 555.43 480.97
114/02/11 250.97 232.1 323.33 456.97
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xR 6 ARBEMERRLKARRAERERSEZ LIRER T RIRENE

HEA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 6.59 6.26 8.6 6.08 9.73 8.63
113/10/17 10.63 8.6 8.07 5.46 9.95 4.93
113/11/20 6.17 5.01 6.36 3.14 6.42 5.93
113/12/10 6.59 10.84 6.89 5.9 4.83 6.33
113/12/26 7.11 5.45 6.94 6.71 7.51 5.66
114/01/16 10.54 8.03 10.59 8.18 9.74 7.52
114/02/11 6.09 6.45 5.77 7.35 5.86 4.96

HEH T60 T60+BC T80 T80+BC
113/8/28 9.84 7.12 10.54 11.43
113/10/17 9.7 10.61 8.88 7.36
113/11/20 6.18 4.46 9.75 5.1
113/12/10 8.6 5.31 6.05 5.06
113/12/26 7.23 6.23 9.27 6.82
114/01/16 8.17 9.26 8.88 9.97
114/02/11 5.58 7.43 7.19 6.23

Eifi7 * meq/100g
R7 FEGEREREKAEBRARFEISE 2 LIRS 554 ()

HEA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 75.07 80.34 89.25 40.78 51.88 44.86
113/10/17 99.92 93.01 60.24 56.52 84.33 41.01
113/11/20 134.36 57.05 120.37 31.72 74.49 43.85
113/12/10 209.94 199.62 229.59 165.23 264.85 199.87
113/12/26 235.69 2441 220.71 170.37 247.12 217.12
114/01/16 90.37 127.49 119.23 77.67 158.41 126.16
114/02/11 84.16 98.28 126 59.21 189.98 102.97

HEH T60 T60+BC T80 T80+BC
113/8/28 47.18 75.13 74.63 102.12
113/10/17 99.75 58.5 109.9 115.06
113/11/20 197.88 158.87 206.85 182.27
113/12/10 253.97 248.7 264.75 176.01
113/12/26 278.5 234.92 337.74 327.26
114/01/16 214.67 163.48 340.89 235.76
114/02/11 192.32 115.53 219.65 207.57

HAAr * mg/kg
I > Ca #1 Mg £ BC ¥ N B E2HERBME Mt KEEEAANERE ERBFHEIEE - 2800 st

HES > R R AR S FIRUR K g - BC AR R
15 Ca Bl Mg AHEFEEG] AN = -5 Na B Ca~
Mg 735 & % (Hammer et al., 2015) (E 8~ F 9) -

B I IRRR BN R
FEAF - AR AR NIREE S+
EWEZTH  MENFEEWKERGT - B
BRlm s E) ~ o BRI GHEETSS
AR ZE P EEBIROR K EREE R T - EYIRA IR
P T BN EAERT Ca ~ Mg MHEELR] - BURHABUR

KR AL A

BE A ELRECR - 5

BIBCRACER RO T > HEHEIRCRAIR - BRERK

TR AR Ry e (K - SR B 7y L 25 o e - T2

3 BRME

BeHE R B KR S

SEEEAL (R~ %

LB R AVIRIER T - +
%fﬂ?ﬁm@ﬁ**ﬁ@lf RISk - Abtoestita
C BRI ZanaEET O R
FERKKE S b B L VBN S

E1ihE B bR 2 YD T

=13

e



x8 ARAEMEREKARNRARRESHZ LIEEE ST (55)

HHA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 356.21 355.56 390.52 384.32 442.48 481.05
113/10/17 435.59 528.22 368.19 430.61 618.19 521.91
113/11/20 416.66 625.66 569.44 658.07 474.54 659.72
113/12/10 436.88 443.79 528.27 575.94 583.5 485.86
113/12/26 431.07 470.23 522.98 413.92 505.18 506.15
114/01/16 409 460.33 539.67 543.33 490.67 453.67
114/02/11 321.52 374.02 402.89 385.17 469.16 417

HEHA T60 T60+BC T80 T80+BC
113/8/28 476.79 621.9 492.81 618.3
113/10/17 607.57 613.88 646.08 683.93
113/11/20 532.41 549.6 499.01 607.48
113/12/10 541.09 611.11 540.44 581.53
113/12/26 618.77 558.9 591.26 675.08
114/01/16 511.33 546.67 577.33 640.33
114/02/11 478.34 449.47 499.01 697.51

BRIz - mg/kg
X9 FRASBMEREKARNRARRESHZ LIEEE DT ()

HHA HL HL+BC T20 T20+BC T40 T40+BC
113/8/28 253.39 210.98 249.38 196.95 247.86 215.45
113/10/17 303.07 279.6 192.97 207.14 279.57 230.39
113/11/20 274.69 213.73 265.96 201.26 259.09 230.89
113/12/10 287.46 207.29 262.77 208.78 269.43 229.76
113/12/26 278.19 236.37 260.34 229.25 268.2 238.83
114/01/16 229.58 204.64 243.41 202.58 234.97 210.93
114/02/11 224.54 195.56 236.79 176.62 232.85 197.69

HEHA T60 T60+BC T80 T80+BC
113/8/28 274.73 249 310.84 269.89
113/10/17 284.75 245.51 331.06 290.3
113/11/20 249.49 207.32 297.76 242.7
113/12/10 266.52 255.3 316.45 238.3
113/12/26 293.87 236.25 349.27 288.61
114/01/16 261.9 233.54 317.21 275.11
114/02/11 246.9 211.62 287.93 282.18

A : mgkg
ZHHBhERRE o SRBUR - SR RRRED - BOR/KE R E T2 = TEVD R B - FEER S B8

RFFEH - FEATE SR E B ERYE (3% 10) - 723

A e Bl B rh g A > o T8O FERLEA & &

=3

4 (HL) - fRESE & Ky 793.86 mg/kg » il
YIfet% (HL+BC) BHEEFE(KE 273.58 mg/kg : FEEIEH
S8R 659.26 mg/kg [ % 388.22 mg/kg » BRIE(R
SEEERCET - VIR A B FRS = 5280 R AR - BRI
JKELBIRE S = SR & ER A SR e RS 3 ks
T DI B Ay BREE - B0 R HE R YR 2 i o
T40~T60 K T80 FRIeH2 &4 B 5 1,822.36+2,245.56
52 1,762.88 mg/kg - #iE =7 HL B4 T20 » BUrsEbpl

1,472.38 mg/kg » BE/RAE = SR EERL R T - TR
AR BRI UHEENL -

EEERAE ISR AT R RS TBORUKERBITT » &P
B ER S e & 2B R 2 (K HARER
TEF S EEBIBOR /K BEER HRARE R BHEE - 7T T60 pRFfeh
FRERENE B 2,245.56 mg/kg [#% 881.11 mgkg - FHH
HIJF 875.55 mg/kg [ 421.48 mg/kg 5 1> T8O R »
TS E BN 1,472.38 mg/kg [#Z 1,049.21 mg/kg °



#z10 ARHBENRKANHESRARAMBUZINSES

AR
wREL | |, | wEEAK | ® |
ket | fr| 7 wer ||
R | 793.86 R | 273.58
HL # | 206.93 HLABC e 94.23
| 166.82 = 78.96
| 659.26 f& | 3838.22
R | 881.43 R | 77827
FE | 258.85 # | 200.58
T20 - T20+BC —
= 153.56 it 5 76.32
fE | 43295 & 236.3
R | 182236 R | 705.83
#E | 502.53 T | 24847
T40 - T40+BC -
& | 22219 &= 148.7
f& | 889.33 & | 600.29
R | 2245.56 R | 881.11
T60 # | 609.05 T60+BC # | 35213
| 34578 B | 211.94
f& | 875.55 | 42148
R | 1762.88 R | 1010.13
FE | 675.63 FE | 43531
T80 - T80+BC -
IR 347.8 = 338.1
fE | 1472.38 & | 1049.21

B - mg/kg (F2EH)

BEEESREUR > FEESERIRIT T - VIR —ERE
ERHESEPIENETR (Kanwal er al., 2018) » {HHELZ AL
FAGIESE MRS EEBIBURK AT AR Z s i -

SRR  BR B E BRI & B R AR
BEREMRELE R AEEPE - AV tELED
By T RS HE - W EE ST RN IE
EFEPURIE (Huang et al., 2025) - HEAEVIHG NEET
mEBE M Kb SEMEAHRERIEMZA
HJREHE— P B E I B R R BB Y R R
fik o 557 > SRR EIEDEEIER - B E ]
TR EAHRR R RS R TR E T8 03 (R R
AHLERR KL EYINIAES] (Acharyaeral., 2024) - iE
A FIFFE RGN R R B AR A R 1 PLEETH
S 1 R R SRR » IR oty B2 '8 Ryt B e SR SR I 3R »
IR T e & RAVEESY)E (Zhao et al., 2024) - [A]E -
G eI RS - A RE R AR TR Sy P B
EEEPER - AR -

[SES NSy S b e S AP R EInY
BLES—2 > BB KNS B R BN R
ZEFEANT > AV A SR T A F Rl
FRE b 2 B E B - 2T AE S R BIBORKE R

BT > SRNEREEHEE - SRIERCOKEE
TS R PSS EPD 3y b 2 [l 6

3.4 BERBELERSH

Rt FEHEFERGER - WEHEBURKR SRR
HHEMEEZ A T2 - A TG
A > SHERTE IR A B EAE R A R UK
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Vit Z A [FIERS -
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FERER P IS HEE) 2 TR AT - B ANERGETE
FORVKERERZAN ~ (ER BRI E - T H ke B
b5 B EEBEILEFR K B0 - EALEPAFUERR
BhE > WV EE RS - DARGETRE Y
T o SEEE R EEAE R A AR BUE T e 1] 2 % B
sefE o SEREA UK E R IR BTG EER
T B A EBORKERE 2 R ELARE - I
Rt & 1T BB LB 2R AT -

YRR THEEHRELE 2 For > FEE
& 52 ) - ZeiERE TR E B BRI B 5
(% 28.8%) > HRXHAEERE (212%) ~ mEEH
(11.6%) FHA (9.6%) - FFELEHRR T T > 10 4F
LLES 94.2% > 6 ~ 10 5 5.8% - FERUAUKEERE
Jidl > B2 R R R UK S A B R
(96.2%) ° 75H T5%FRR T EBUAUKEE R HE 1% A fEH]
TARESETERY - 25% oA T #E - BRI e EL R A
S EFEER &S ZE - BREURKERZ
AR BRESHIEFEE > ZiET 71.2%:50k
HEEREAFRPE  154%2 B A amee
LLS%AHERE - BLRSEIP RIS » 76.9%:8 A BT
R FEES - 7. 7% TR K A B -

HEKERFAEIIEE L > 90.4%3R B RUR K AT B
Rz AT KIRIENE - (BN S (EERUTHE > 257
HRE B BORKE B2 TS EEA (63.6%)
R HRRBSEWItETE (19.7%) BRI
(12.1%) : 55 78.8% AR B2 o L & {EbT ST UK

N



WA FA R

|

V-

BATHAERE W ORREE WA

IHFE

5.80%

RETRESRE (5728 - F3H |
115 F 09 B IR

BRAAARKEERE
A8 AR Z BEAAR B

3.80%

B gAE Wi m6-104 W 10f8E mE " ORHR
TRARKREREH 18 R AR A BB AR R A R E AR
T & A R AR A REERZBE DEW RBE

1.90%

& N

3.90%

R\

=z =z REEHE U ABHE BABARA L ERGEE N TRSRABRA
AARE W RHE " PERA m R R

HORAK A T B BREWH AN R4 BAE A B A SRR

Tk 29 8 K Bdt 6 HEAHCR A Z AR A 2 AL AR B2 B

4.60%

é\

. N = R %
A RAER mARARHE Wi "EE N AEE

RRARE EA LB AR Z TR
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TR - IS > ZEE R R BURKIR R H AL A
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ATV S P TR A - (BT OS2 S P R e B S
HRE R e -

eIt 2 R G A S R AE 3 Fror > Sk[EE

ARG 50 17 - ZaiE AT e ERHEE R
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