AR ARAUIENTSE 8, 28—34 (2024)

KREDOUCHIT D720 DAL Y H N a3 = ABAC)IZ & HEHAIE
WK ABACIZ G- 2 % S8
Disinfection effect of benzalkonium chloride (BAC) on "“C analysis of water samples:
Influence of salt concentration on BAC effect
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Abstract

Radiocarbon (‘“C) concentration and stable carbon isotopic ratio (8°C) of dissolved inorganic carbon in natural
waters are often utilized to elucidate carbon dynamics, hydrology, and biological activities. However, these values
are susceptible to alterations caused by microbial activities, even within several days of sample preservation.
To ensure accurate measurements by minimizing microbial interference, a disinfection process is required.
Benzalkonium chloride (BAC) has emerged as a safer and more practical alternative to the conventional mercuric
chloride for water preservation. Nonetheless, it has been observed that the BAC effect is reduced in seawater
samples. This study aims to explore the influence of salt concentration in natural water as a potential suppressor
of BAC effect, examining its impact on BAC effect using samples of two natural waters. Both high-salt and low-
salt concentration samples were prepared from seawater and groundwater, and the effectiveness of BAC in these
sample was compared based on changes in “C concentration and 8'"°C. The effectiveness of BAC in high-salt
seawater samples was reduced by about one-seventh, to 30% in 8"°C and 16% in "“C concentration, respectively,
compared to low-salt seawater samples. On the other hands, the effectiveness of BAC did not shift significantly
beyond the error range for the high-salt and low-salt groundwater samples. This suggests that salt concentration
suppresses the BAC effect in seawater but has minimal influence on BAC effect in groundwater. This discrepancy

could be attributed to differences in spore concentration in samples.

Keywords: seawater; groundwater; BC: 0C; benzalkonium chloride; salt concentration

1. IZL®IC

RIS E N2 BRI (DIC) ORI (MC) L2 E ik RFEALAEIL (87C) 13
HERFHF O G THWONLEELIFETH 5o "CRE I T RLHEIEER 2 L ORI B VT
D E LB OB Z 1T 9 72012\ 5115 (e.g. Ramon et al. 1995; Stuiver et al., 1984) . 3"°Cl
KEE B OAEWIEE R LR FEORBRECBIT S, KEDRDBENTHLPIZT H720ICHV LN
% (Andres et al., 2006; Atekwana and Krishnamurthy, 1998; Desmarais and Rojstaczer, 2002; Dvorak et al.,
2016; Gramling et al., 2003; Kindler et al., 2011; Lammers et al., 2017; Quillinan and Frost, 2014; Voss et al.,
2017; Wang and Veizer, 2000; Yamada et al., 2011),
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RIKBFHIFAFHCE TN EWMAEYOIEENC X > THCIEERS"CH R HHET 5 F TORMIC
TALT B 2 LD B 720, RKEF O CIEE RS COIEME R MEIZIE, RELHEISLETH D, B
TEIL W BT B8 A EIEEALSE KR (HeCl) OKEABNDRMTH 5. Lo LIEILE
KEITEMANOFERRBENOBEMAKE <L ) 238 L v AR % HIBR 5 2 @112
HY, FRGIHEZRL AW RELDH L Z s, REBERIBETEIRKD SN TV,

LN a= 2 (BAC) ZHgCLOMRE: & L TEZOLNLIWETH S, BACIEMG A + » FiH
HHERO—FETH Y, BEFREGFELEM. FOHBREOHBT, WO CLERHBRA L L
THOWOLNTWA, RFKHAEOKEAF & L Tid, BACIEBEKTH o2 RE2FHE., #KTH2AM
BERREDLD H 2 &R STV 5 (Takahashiet al., 2019), L2 L., k% EHEGRGET 5 &
E1X, BACE IR L CODICIERE & "CIEERS"CHZAILT 5 2 & i TV % (Takahashi et al.,
2019; Takahashi and Minami, 2022) . Gioel et al. (2015) (BACOFH &I F % O,/ArE HI\VCEEM L.
KOFEMOBRFEIITE L TV &M, BACIZHIMEDS S 2 s RICE TN D 2 & D
WTHhoEEZLDN, FHICHRIESINTIZWAR VY, KIFZETIZ, BACOREEZERT I ELHEH L
LT, WREBERKTRESELRLZBEZOVEDTH LIEREIZER L. HABACIZS 2 A28 %"C
TR L 3PCHR FHVCER L. WK TBACORMEDME T+ 2B MICOVWTEE L 72,
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2. 1. REOFB - Lpp
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TR ERTTOBITE» SR L2e GWIX20234E4H26H12, KIS AXTHOHFTHE E80 mA5H
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2. 2. iXBL ORI EE

B DR % Table 112783 SWIE— #8972 7K (Nozaki, 1997) & FLlg L CTHIIEEEAS60 % FEE T
BHolze RIHAS T 5722 EOMNIKPREL Tz EZ NS, LAL. SWIZIEHE
KHROWMEN DG ENT L LRSI, MEYWOEZ I T 258 L THWAZ ENTE
%o

Table 1 Chemical compositions of SW_low, SW_high, GW_low, and GW_high samples.

Sample SW GW

(mg L) SwW SW_low SW_high Seawater* GW GW_low GW _high
Na* 6378 1302 8966 10.78 X 103 8.9 8.9 11722

K* 224 46.1 311 399 4.9 4.9 320

Mg** 738 150.1 1086 1.28 X 10° 6 6 707

Ca?* 245 47.7 332 412 17.4 17.4 453

Li* 0.1 0.0 0.4 0.18 0 0 0

NH4 * 1.6 0.1 23.1 — 0.5 0.5 18.8
S04 1582 3354 1641 898 0.3 0.3 4063

F~ 0.8 1.0 1.7 1.3 0.1 0.1 1.4
NOs~ 2.8 0.6 1.6 0.42 0 0 2.1

PO4*~ 0.0 0.0 0 — 1.2 1.2 0.7
Br— 38.1 8.3 47.9 67 0 0 51

*iE /K O -5 FE (Nozaki, 1997)

2. 3. AAL O L W E

TER L7238 HE T 284 7OV (125 mL) ICANTTF VT L ET VI =T 2AOBRTERHL, =
TR L 720 SWTIZI3HM, 24HM. 234H . GWTIZ12H M. 22HM. 233HEORFER. 7
T ANA T VR LB 2 5DICE Il L, "CiEREE &8 CH Hl%E L 720 DICOHIHIZIZReCEIT
% (Takahashietal.,2021) % H\ 720 “CiEFEIZISEED ¥ » 7 b 0 VI 88 B & 0 W25 & (model
4130-AMS, HVEE, the Netherlands) % FI\» CTHl5E L 720 8 CILEERILMT#E A W ZEHT OIRMS (Delta-V
Advantage, Thermo Fisher Scientific, Inc., USA) % I\ CHlE L 72,

3. FRBIOER
3. L iRF o Cilt g £ sPCo At

BCIRIE L3 PCoMMIMED b D2 bE % Fig. 2128 T SWEGWOT /T TBACK N L 725Uk o C
B LCCOLBALEIIBACKRIML o 723 B L NN E ol 2O EDE, KXE ORI
b OITBACOEH L7 2 EDHEREC & 720 BACERML7ZSWIZIHEH T 5 &, mHEEEaE (SW_
high+BAC) @ “CigE & 8 ClE D ZALIZ IR IR EHE (SW_low+BAC) D L ) K& o7z,
SW_low+BACIZ8 7 H#F#M L T, "CIEE L°CANT & A LML L T Ww T LI EBRE N, — T,
GWTIiL, SIERERE (GW_low+BAC) & E3EIREEHE (GW_low+BAC) O M IR 72 X R
SENT. WInd8r HREBL T, [FLAEELIIR SN0 o 72,

30



3.2

120

100 F

80

C (pMC)

a0 F

20 F

60 |

14C change (pMC)

8!3C change (%o)

K. Kakiuchida et al. | The Nagoya University Chronological Research 8, 28-34 (2024)

w
o

'
[¥,]

N
o

-15

pel

233

SW_low

D)

2I0 Q 2‘;;3

preseravation days

30

N
o

14C change (pMC)
=
S

o

-10

813C change (%o)

-4

SW_high+BAC

SW_low+BAC

C
GW _high+BAC

D

20 ‘Q‘Z;B‘

preseravation days

GW._high+BA(

SW_low+BAC

SW_high+BAC

D

0 20

IQIZS‘E’:I

preseravation days

Fig.2. SE O CiRE L8 CEnZAL

BRI X L7z DIC O 5

HCHERE L SPCHOZAL B F N UMt & REE I & 57270y b ZFig. 312 Y. A oRE o
MOUERE L 8PCIE, FHEEREOME (1033 pMC. —262 %) 12D W T Wb, THOZ s, GEEMHEHED
DICSIIDICIZ N % 2 & T, "CIRE LSPCHEILL T tE 2 5N 5,

beet

-30

Fig. 3. KK O “Cifg g & 8 CDZA LD T51H]

%O
13
2413
2 @ Q)
0
13 %

° @
0

20 -10

313C (%)

1C (pMC)

120

100

80

60

40

20

-30

20
Y 22
beet &2
15 F é
A
22 12)33
22
10 } YVAY ¢
A
é 1220
. s ) ) :
-20 -10 Y 8 7 6 5 -4
313C (%o) 313C (%o)

(@: SW_low+BAC, @: SW_high+BAC, &: GW_low+BAC, A: GW_high+BAC, O: SW_low, O: SW_high,

A GW_low, 40 GW_high)

31



K. Kakiuchida et al. | The Nagoya University Chronological Research 8, 28-34 (2024)

3. 3. i L BACOR)H: 0 3
BACOR) % EREMIZEHNT 5 72O IZBACK)®: (BACE) %, (RO X HIERZL- .

BACE("'C)=(""Cyac— "Cin)/(“Cropac— “Cini)
BACE(3"C)=(8"Cpac— 8"°C,,)/(6°Cpp5ac = 8" °Ciyy)
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