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ABSTRACT
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Berthlot's reaction spectrophotometric method is generally used for the analysis of dissolved ammonium in seawater, but in recent
years, a fluorescence method using an orthophthaldialdehyde-sulfite (OPA) fluorescent reagent is actively used internationally. In this
study, we investigated the effects of the detection limit between the analysis methods, the reagent refractive index inherent in the
spectrophotometric method, and the use of different calibration curves to understand the cause of the difference in dissolved ammonium
concentration (about 0.31 M) observed in the seawater samples and a nutrient reference material between two institutions (KIOST
(spectrophotometric method, one-order linear regression gradient only), Australia CSIRO (fluorescence method, quadratic formula))
conducted onboard the Australian R/V Investigator in 2017. The method detection limit (0.063 £M) and the reagent refractive index
background value (0.054 xM) of the spectrophotometric method measured in this study could explain the difference in dissolved
ammonium concentration values of the two institutes about 20% and 17%, respectively. However, when the concentration of the
calibration curve of the spectrophotometric method was calculated using the same quadratic as the fluorescence method or the slope
and intercept of linear regression, the difference in the dissolved ammonium concentration between the two institutions was reduced to
less than the detection limit of the spectrophotometric method. Therefore, the difference in the concentration of dissolved ammonium
between the two institutions, found in the nutrient reference materials and the seawater field sample during the international onboard
nutrient inter-comparison experiment, may be attributed to be the effect of the different calibration curves used in the two methods
rather than the effect of the difference in two analytical methods. When comparing the dissolved ammonium data from seawater
samples in the future, it is recommended to pay attention to the information on the baseline, number of standard solutions, and
calibration curve used in the analysis.

Keywords: Dissolved ammonium, Spectrophotometric method, Fluorescence method, Calibration curve, Refractive index blank,
Method detection limit
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S5 Y ote] 8 EA] FHle TRMIHI] 8 YRYot 7 |Aleh Fol2o] 8 dEoltt. EHFA Sl s 2o
e B YiE FEToF 94-98%E i}ﬂﬁiﬂr S PHES E5YIM AeEd el F ol f7lE=

A =
P ) B4 9 ol A B 70 W B0 R ALS T, BAol oFAle T B o 77} ol A% E
HFHEo]| I & wfj 7P A g ok= A4 Efjo|ti Wheeler and Kokkinakis, 1990; Harison et al., 1996). Dugdale and
Giorin( 19672 B 00 4ok AL, el o} L BICHIDI A K28
B A BE dRgo] At @A SR ol A B0 AR|SteRA Q] gk ofdlfoh= SRt M= Q1A E o], Sf
T -8F URE Tol TRt Tho] EobAlrh GRkAlQl sieebdolli] 8 EHS’J T 1 uM olskE EAISH | whi

o

M)

of| & FREo] s FUi ol A TAao] AR Q1 ghe]| m| 2= PRk olaficl] fleiii= FEstar et 8 of
= 240] F Q5 Willason and Johnson, 1986).
A7 ol T B B2 FUoHA 2A4I6k= -2 Berthlot's ¥F3-2 ©]-8-9F F33 &= H(Spectrophotometry) 2t OPA

(orthophthaldialdehyde) &*gA|2FS o]-85F 34 H (Fluorometry)©] Ut} a1 5 & A Ew 2400 7P ARHd o2 At
|He TS ol F 8 dREo] 97 eEolA HlE Aot aitd o] vkgo 2 A FEA 2AsletE
(Indophenol blue) 2] S&=E 660 nm TFglA S7dtch o] IS ol 5 -85 Y e w40l 4-85H7] Sl ﬁﬁ—rg] D]'
Il oJet 7Hd-S AlAste] vEg-2] AEiA]-S- SRl (Roskam and De Lange, 1964; Solorzano, 1969)5}1! Z0AM-S
SHHES/d-S @d(Patton and Crouch, 1977)5k= 5 3l & 8 U Hw 4= A9 thafRt e 2lo] 23| it JJ:"Oﬂ
2potd 4438 Sodium Dichloroisocyanurate (SDIC) 2 thA|(Grasshoff and Johannsen, 1972)5}0] QFA 2 A4S &
FaAY E490] 1= s ti4l Sodium Salicylate 2 THAl|(Krom, 1980)5H=5-2] thaFet ko] ZP=] et

Tt olefRt L HE2 BT S ARSSe AP 1ol dll B -8 g A0 AIRARI Aol E doA, sl
T &E UHE IS A AL LS Bl o] oStk o] Mok AUk -8 ol w AR o Fa o] A7 =S
t}. OPA (orthophthaldialdehyde) &FA|2FS o]-8510] P33 w]= OPA-sulfite A -8 A5 ATAA 47

7|2 34 T S S ook o] 7T Atk Kérouel and Aminot, 1997). OPA-sulfite-f-= 41+ Th= -
SleEo] 7o) A1 -8 fRgate] BEE- AE/do] 2 8 of]et ol oJ_t 7Hdo] Alo] sl thi-o] HH91(0~35
psu)ollA] Gzl ot AZEe] Zpe] 7 3% ootk o] o] 8 ¢ iE HEM= -8F Y%w 5 =7} nanomolar
HoAE=0.0015 #MO]AL, micormolar H91oA1=0.007 pMo|ch 8] 1 8 AiE 55 710.5~5 «M HLIR Al
2O HFEAJ0] 0.01 pM=E HIGY ol e kRt SiFA = 0] B g AsA ol oA 21854 Qiet
5#11] VI G| Aol oIt 647119 A7-dollA Bertlot’s Reactionof] 7|15 Z3gd = 0 =2 Sl 5 -8 1L

A SHATHICES, 1995). Z18]al 2gg "o ozt ol 5 -8 w7412 A =5 5] Sl (1) A==

Ji AloFe] Ea B AR o 7 Al o o % 7, (2) AMAIE Al AAdSHA Al 28 28 AR, (3) AREBIE 2] 4-3)s}
7] {1t A YL E Sl ARG, (4) AloF =2 EE FFe 2| Aet 5o vhelrt RS A-85H Tt Aminot ef al., 1997).
FUIAE EF R HO| 7AEA s FUH 24715 ARl ol F 8 AR E w40 ALt AT S
%ﬁﬂ A4 EH7]; 7dof) 2 dH Yol ks X Aaskolr] It e Ela X1d610] 0.5~6.6 #M O] -8 g T H el
Z¥7+0.035 #M3}0.02 pMAIL, AT AHRSD)E= 7~11%2]IEHRho et al., 2015). o= <A A
BINFE /A8 22-23%, A5Te: 56%) Tt sk sl %—J B dRES A6l
34%%11]1—123 Sl 58 YiE A0 S ol 8t A e ARGl ST te ks FAloI Y, U] sl -8 o
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B 242 o} By AR A G RAY1] AHgo] tiekolck 2 ol Suflel ] At sk % 8
15 Bl S S5t ST e EE2 AT A3 A4al sk ol §sle] Eag =T
=

I ] vl deds e, o A 8 ditE Alm o] A vlw] e A IS AASIAA -l

2.1 A=AHz
Fg eyt o Aen|w AEL2- 2017 39 17Y5E 28Y7HEA] S5 CSIRO A-142] A+14 Investigatorol| 4]

AR 2 41 9FE Anla Agell KANSOALS] 3714 4l B2 (BW, CC, CD batches) Tt @l 24
ot Al B E ARgSTo] Z1egsnh. AR JUA EFEEE-L KANSOAR] BW, CC, CD batches Tt AFEH sll-Al =
= A7(46°8, 142°E)°llA 5000 m7kx] 3670 54101141 20170 39 19, 39 25, 39 26 Qef] vH2: Aj4=stoict. A= 24]
IS4 Q1= T A Q] Q212 X AS)6)7| 98]l 25 CSIROAS dI-Yo] YA o & ofx} §lo] 30 ml PPA ] A=
o) j5sto] @Ato] ol EoA vjmsllom, A4 T 24 X171 o] Ujo]] BAS AA|SIT) AR E A7) =
2~4°C Yrgare] Byteto] 24 j7]7]7t 52t A= o] M-S 2 Astellch

l

&2 Aol AR 2417 | F EATHPH-2 Table 10 8210 Q). 33T H-S O] 5}3]1 TEEUEE Z]‘E‘Ey‘qﬂﬂ%
=Y SealAF2] QuAAtro System 2 = 660 nm LEDZ¢-& AFESISIT: -8 i 240 ARG 24T Al AL vl
Q-033-04 Rev.5 (multitest MT3B)]| 2t 74 %] 2.2 ™, Sodium dichloroisocyanurate (SDIC)Q} Salicylate A|°PH-S U}E]'E]'.

kA Zof| ARgH FZGHAL CSIROIM AYFS sf2 slARt 6712 EEEHH (02 M)y AFE3IH oM, &35
L= 225 718 (baseline) < 7122 ARSI 33 o] Hed2 580 d 85 A E ot S99 5359
FUA A L2 712719 ARgste] F8od B4 30“011 o B AR E Bvw Y8 HASRIth ARt AR

Aele] Al g sliiE AReste] At Almo] = dE 2lole] oft m| TR eFe] BF(Schlieren effect)r AR5 .
ANEFE7F AR FY97]0] th7lok= 52t B712ke] ol ot @ A2 HAlsh] Sl AlmRBE ERtAER o 2 WEsIl,

Table 1. KIOST and CSIRO setup parameters

CSIRO KIOST
Instrument SEAL AA3HR , Jasco FP 2020 Fluorometer SEAL QuAAtro
Software AACE 6.1, HyPro AACE 7.02
Calibration matrix LNSW LNSW
Wash matrix LNSW Artificial Seawater
Carrier matrix LNSW Artificial Seawater
Baseline UPW UPW
method Ortho-phthaldialdehyde method Indophenol-blue method
Wavelength 460 nm 660 nm
Correction Baseline, Carryover, Sensitivity (with Hypro) Baseline (with AACE)
Calibration order 2™ order 1* order slope only
Sample bottle 50ml conical PP tube 15 ml PP tube
Wrapping Aluminum foil Plastic film (plastic wrap)

Calibration solution 6ea(0,04,0.8,1.2, 1.6,2 uM)
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AT |AIE AT FYste] 7] Fofl Zat=|o] = o] ofet @ H-2 A3tk Rho ef al., 2015).

CSIRO A7%19] g 8= A Abs 247]= 5 SealAF AA3HR System © 2 Jasco FluorometerS 3372|712
ARESI. 0, X[ ST 460 nmOf| A OPA-sulfite@t -8 - 29A| 0] F3d 5 S A4S CSIRO A+
Zlo] 2 4Fa o= AR 0~2 1M ] W 671] B8 HE-S ARSI O™ (Table 1), 22H4] 9] AFAT-E AFESIIT
A= 0] FF = Z2 7| A& ARgsto] ARKsISlth Almet Alm Ato]o] AlAE A US4 slirE ARgsHaltt. A=+
P71 A=7F 7ok Bt A2 RE S dFrlee d 2 Jo] AFA t7] Fof| EAfich= ey ore] ks 2|a3lsigirt.

2.3 =24E HIER (Refractive Index Blank, RIB)ZH

S F -8 diEe SHY U Hito FFO= A=l Aof 2 HE] 7|44 0 2 AREShe o] AloF 2 HE
T ohE7] gl iZel S784ke] @A E0l17] flol] daoll ofet Aot =4E v gks BAgdoiok el Aminot ef al., 2009). S
O] AloF ZHE B S I of| A2 Q1 Aot Al o] et A A ok 2 4e=0) Sffpof] 27 1R & ZF7F0| SR E 57
5lod S50 SgollA Zeegro] SHEE wWiFo] ARRRItkFig. 1). ool tieh AMAIg A= Hydes e al.(2010)7}
Coverly et al.(2012)°] ZHA|5] A =]o] §lom offjo] A Aglol] A-8=t cfle} ofof] tigt 2pA[eH g o] it

SRl 2 RS BAos Ak thaat Eoh(Fig. 1, Fig. 2).

(1) 275 7144 0 & stof B8N G- FAI6HL B8l F thof| 2418 24 712141 9] w37 24 Aol et
g oi7ix] ti7 ekt 7o Bt AR Al Alo] A8 0 2 ARES= /gt 1YY E o E AlEE Al
At

(2) B8R F| 2o 7144 m=7F A Aol L 82 oiE A 'IAA| oF - i AaEZof| SA A Q1 ook

q

O
=
= SDICO] A|2FE T2 SDIC Al2FHollA 50% triton-XE S)4eH -8 (ZH4 1 Lol 50% triton-X 2 mlS g0

(4) HFERIe] QMg H § 2545 AlmAE 109 245k

(6) SlAl= o] wiR]af 1 371 A Aol vhehd 212 <18E - SDIC A|oRE94 e SDIC A|oFE 0.2 thA] £7]11 13
St A GG A ol A AS A m e Al AR
Calibrants
(ASW matrix) Rér—g%e Add SDIC
UPW UPW UPW
Baseline Baseline Baseline
ASW
Carrier
\ UPW Seawater
4 M ﬁ/‘\\\ M j
NUJHJJ\"M\/\’\/\’W
(1) (2, 3) 4) (5) (6) )]
< L e e i e i R S >

Fig. 1. Diagram showing the determination of seawater RIB with ultrapure water baseline. Numbers indicate each step in
section 2.3 RIB measurement.
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Fig. 2. Diagrams showing the process of RIB determination. Numbers indicate each step in section 2.3 RIB measurement.

(7) SDIC A A|ofo] FA4o] U= HA iR go] 545] okAIal oF 151 73 ¥fshd uhegho] thA] S e = =]
2 7 A S 24T

(8) SDIC A oFS A7) £ vigfgre] P Adeol M S48 5ot shrAl 52 S35 2lelgte] Aol oot sfiaeA]
=0 =& viEglelt:

2.4 A=A

2 Ao AREE 5 Seal AFQuAAtro Sytem FF A AME 41719 A XA Ll THEH 0~10 4M P H L oflA
Q-033-04 Rev.5 RO HEM=0.03 pMolth Al =E 24 tinjth AESH| S42 SloliA HE=E sh= dE3H
(0.03 £M)2] 2F108[Q1 0.4 uM HH-F -8H-S FH|S|A] 73] HHE EA5H & HEHAKSs) S ARSIl A= T 999, 9] tHIE

ZH(student’s t-values)= ©]-851 th32}F Zro] B HZE3HA|(method detection limit, MDL)E AXFSITHUSEPA, 2016).

MDLs =t (n-1, 1- @=0.99) x Ss
MDLs: the method detection limit based on spiked samples

t (n-1, 1- =0.99): the Student’s t-value appropriate for a single-tailed 99™ percentile t statistic and a standard deviation

estimate with n-1 degrees of freedom

Ss: sample standard deviation of the replicate spiked sample analyses
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3.2 1
3.0 QU BRRA MAEM 2
P BE

s 7=tk (Fig. 3). 99E EFE2 CD, CC

Aol F_t SlrAl B S B o2 AR89
o, 100 m Bt 22 4014 0.2~0.4 1M Aol

Ll g

0m OJLHollA 0.2~1.0 uM Afele] glof et

S Bt ddola fgr o B oA m o] S5
= 12100 m ©|elA] -0.02~0.53 xMS.0H, 100 m BT} 22 SAloja=a= ¢t

g Qo] Aol SA=R] oItk Fig. 4).
2017939 19, 3€ 25, 39 26 A3t A = o] Bt

& PHE FEAR| -8 =
Z}7}0.297 (+0.014) 1M, 0.345 (£0.035) M, 0.306 (£0.031) MO, FgofA] A 3
kA

AR]85 g i 210
0.312 (£0.033) pMO=Z Fg gLl o 2 BAE 8 oI Fo] F 7| gl

FHE =9 K Table 3).

== (a) Spectrophotometry =&=(b) Fluorometry
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Fig. 3. Daily Ammonium concentrations of KANSO CRMs from (a) spectrophotometry (slope only) and (b) fluorometry
(quadratic). Each line shows the mean value of results.
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Table 2. Ammonium concentrations of KANSO CRMs from spectrophotometry (slope only) and fluorometry (quadratic) and

the difference between two methods ( * : Concentration, meanz+standard deviation)

KANSO Batch Ave
CD (n=4) CC (n=2) BW (n=4)
Fluorometry * ( x M) 1.365(+0.104) 1.360(%0.255) 1.147(x0.113) 1.147~1.365
Spectrophotometry * ( M) 1.664(x0.087) 1.698(+0.015) 1.459(+0.142) 1.459~1.698
Difference™ ™ (£ M) 0.299(+0.151) 0.338(+0.169) 0.313(+0.203) 0.313(+0.177)

*  : Difference = Spectrophotometry — Fluorometry, meantstandard deviation

Table 3. Ammonium concentrations of seawater from spectrophotometry (slope only) and fluorometry (quadratic) and the

difference between two methods ( * : Concentration)

Date Av
3/19/2017 3/25/2017 3/26/2017 &
Fluorometry* (M) -0.010~0.470 -0.010~0.430 -0.020~0.530 -0.020~0.530
Spectrophotometry * ( M) 0.268~0.777 0.257~0.804 0.250~0.923 0.250~0.923
. ‘e 0.297 0.345 0.306 0312
Difference  ~ (12 M) (+0.014) (+0.035) (+0.031) (+0.033)

* * : Difference = Spectrophotometry — Fluorometry, meantstandard deviation

O (a) Spectrophotometry O (b) Fluorometry

~&-(c) Difference(Fluorometry-Spectrometry)
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Fig. 4. Vertical profiles of ammonium concentrations of seawater from two methods ((a) spectrophotometry (slope only) and

(b) fluorometry (quadratic)) and (c) difference (spectrophotometry - fluorometry).
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4.1 ZEP

AVgollA g3t e BAE BEE4Y AR 8 HRE Fadl A9 2 247t 0313
(£0.177) #MT}0.312 (+0.033) M= 95% A2 & A FAFEITH(p=0.987, oAt FSEIE t-test). 7+ HHO = &
AE FEEE0 8 URE e oF 1.1-1.7 xMO] HAoH, siFAIRe] S4lo] mE 8 dRE vk 9= oF
0~0.9 M ©] ek webA Aol A H BEE47 oA 59 -8 i St 28 I Zfolol| e B otal 24
W Afo]o] 8 dilE FEAtol=9F0.31 pME -FAFSISI=t|(Table 2, Table 3), ol= 549 F 241 Alo]o] & o
F sEAtol= A= st daglo] YAstHA AT onlRitt.

T A Afo]e] 8 g Fgk 210031 uM)= FFEH o R BAE oAl R 8F dHE St Fd
(0.92 uM)Y 739 2F 34%E A Ao}, SfleAl =] 8- f iy F e 7F £4(0.25 M) 7-9olli= 124%0] SRt Lyt
A2l sk ollA B A ES] T Alsk i A6 ] thEe] EAR | whE Fgt Aol = ol T SE R E
Aofx] Z 22’10 2 283k 4= ik, whhA] F AR of| mhE 8 i E Fie gk folo] Q1S etk /i dsk=
o] e F BA 0 2 BAH s R o] 8 g 0] e H|wdS Skt At 84T mekdnh F
o2 BAE I B d0 oA R 8 e St Afol= (1) F AR e HASTAIY 2o, (2) w3

o278

FAE B3, (3) T BAPR] SEA) ASE A5l 71208 A7) naskct

oM ZHE s T 8 dREe QAL 52 ol 2

o E 7 ol S =] 24 Alel o] Fiegt Ao l7H B F-3151Hlth(Fig. 4). 238} BE R Afol

Aminot(1997)°1| 25} g 2] MDL-2 micromolar H]041+=0.007 xMo|ct. o] 4 Azl A AR g8 =
S| MDLo| g Hr} ofF 4 =qkon), & B Afo|o] 8 Mg 5 ZFo|gh(0.31 1M)2] 2F 10% =t

AzANA] AAIGFMDLE] oF 108]e] s ok= Al2(0.4 «M)E AM851o] EPAS] MDL 27 (USEPA, 2016)°] o
2} AA| A FEA A]of] 245 Bt 1] o] MDL-S B 0.063 (£0.015) MK Table 4). @704l B4E MDLZH| A
ZALA A AAGE5H0.03 pM)E TR v FLe =0kou), & EA o2 24 JYE BB sieAl R 85 diE
SEALAF01(0.31 #M)2] ©F20% I AT, wepA] 141717] Azl A A e w385 1§ o] MDL I} AA)] Aol A 578
g O] MDLEEC & Kol B4} oAl mollA] vehd gt g o] 8 g Fhgte] 2lo]
(031 gM)y=F EAEH MDLREC 2 As]r] of#f2 710 7 mrhEct

Table 4. Method detection limit (MDL) of spectrophotometry (slope only) ( * : Mean value of 7 MDL samples)

Date Ave
3/19/2017 3/24/2017 3/26/2017 3/27/2017
Concentration” ( £ M) 0.916 0.657 0.895 0.898 0.842(+0.107)
Standard deviation ( 2 M) 0.020 0.017 0.027 0.016 0.020(£0.004)
MDL" " (#M) 0.064 0.053 0.084 0.050 0.063(+0.015)

* % : MDL = 3.143xstandard deviation
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Sl zell 2ol H2 ofebal i, ol oot Blo] S-atetal 3gel5A jish50 2 seAlm FUE 24kl ddd
ol & & Slt}. FFY=H ASEA7 = ARt Aloke 4 HlEE Al U] Almet Alefe] kel ol Fthe
Ho] = HE7IE o831 A5 S5t o= Z4EE0] fl= B8 (baseline, 7144 & 7IE 0.2 B1o] A2 378
=5 54 SR AR e TE U0l e B8990 St SRS A (HR) = AHES] s
ghRIt). 7144 S0l AR e -8l Y Ae] nFez iebd ¢ Al=o] FH SEakl ST 717 ol 24
71V A2 BASIAL )ltH(Hydes er al., 2010). 12111 G2 2ol oIt 2EE Fd°] 719] gl H(Aminot et al., 2001),
wFREH o AR 8 AitE w4 Al Hiell ot 24 E Fdo] 7] theel shrAl Rl 8 diE st e

o
| oft 28] BAATe] 2 JeL vk mepH BRBT OB AR §F iy B4 A] 24504
Ofh Ao S VR Ko 1S o] §5te] S-AlEL] B iy 5 WS TP Hydes ef ., 2010)

o,
o
o2
A
2

AR Gitol gt Aok

2 AT HRFEHL ARG §F P AFEAYS 2005 71RO R G glo] AR § 9
5 24 A 250} o5 A| 2.9] G SRt Alof 388 Hole] it o] Basiek, 9 W 2340 4UT 2UE
SEEE

Ixfof| whet A seAlm o] AleF 24 E HI RS 2 =48 Bl Hot 3841 0.054 «uM ESITH(Table 5). ©]
7S

- = (¢}
£ YUY BEEA dieAl=oll SAE 8= S 8 R E v

i)

e

H\h g

:P il
>
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Fr 2 A 59 T Akt Al 71 291t e o] Aelo] F a5tk Hydes ef al., 2010).

Table 5. Refractive index blank (RIB) of ultrapure water (UPW) and seawater using spectrophotometry (slope only) and
difference between UPW RIB and seawater RIB ( * : Mean value)

RIB test

Ist 2nd Ave
Ultrapure water RIB* ( M) -2.118 -2.192 -2.155
Seawater RIB " ( M) -2.057 -2.144 -2.101
Difference* * (£ M) 0.060 0.048 0.054

* * : Difference = Seawater RIB — UPW RIB
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Fig. 5. Diagram showing various factors affecting the determination of calibration curve. Only slope of linear calibration curve
is used for removing RIBsw and CLNSW in calibration solutions.
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Table 6. Difference of seawater concentrations between fluorometry (quadratic) and various calibration curves of
spectrophotometry ( * : |Spectrophotometry - Fluorometry (Quadratic)| value, meanzstandard deviation)

Spectrophotometry Date Ave

Calibration curves 3/19/2017 3/25/2017 3/26/2017

Slope only * (M) 0.297(x0.014) 0.345(x0.035) 0.306(+0.031) 0.312(x0.033)
Linear” ( #M) 0.024(+0.014) 0.021(+0.034) 0.040(£0.031) 0.029(0.028)

Quadratic” (M) 0.037(=0.018) 0.095(+0.034) 0.054(+0.035) 0.058(+0.041)

(a) SpectrophotometrySlope only  (b) Spectrophotometry Linear (c) Spectrophotometry Quadratic

(kA3 (kA (kA3
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Fig. 7. Vertical profiles of ammonium concentration differences between fluorometry (quadratic) and various spectrophtometry

calibration curves ((a) spectrophotometry slope only, (b) spectrophtometry linear, (c) spectrophotometry quadratic) in
seawater(Table 7).

Table 7. Difference of KANSO CRMs concentrations between fluorometry (quadratic) and various calibration curves of
spectrophotometry ( * : |Spectrophotometry - Fluorometry (Quadratic)| value, meanzstandard deviation)

Spectrophotometry KANSO CRM batch Ave

Calibration curves CD CC BW

Slope only * (M) 0.299(+0.151) 0.338(x0.169) 0.313(+0.203) 0.313(£0.177)
Linear” ( #M) 0.044(£0.136) 0.021(+0.168) 0.031(£0.191) 0.034(0.166)

Quadratic” (M) 0.041(+0.126) 0.026(+0.153) 0.027(+0.177) 0.032(+0.153)

Hydes ef al.(2010)°1 SI5HA 37] o] BEGNAL ALGT 790 22Fa4-0] FRAHO R AR sgho] AT
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Fig. 8. Ammonium concentrations in KANSO CRMs from various calibration curves ((a) spectrophotometry slope only, (b)
spectrophtometry quadratic, (c) spectrophotometry linear and (d) fluorometry quadratic). Each line shows the mean value of results.
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Fig. 9. Plot of residual difference between the measured ammonium concentrations of standards with diverse calibration
curves ((a) spectrophotometry slope only, (b) spectrophtometry quadratic and (c) spectrophotometry Inear) and the

concentrations of standards.
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Table 8. Residual difference between the measured ammonium concentrations of standards with diverse calibration curves
((a) spectrophotometry slope only, (b) spectrophtometry quadratic and (c) spectrophotometry linear) and the concentrations
of standards ( * : Concentration of standard (uM))

Date Std” Measured Conc ( 1 M) Residual difference ( M)

Slope only Linear Quadratic Slope only Linear Quadratic

0 0.332 0.010 -0.003 0.332 0.010 -0.003

0.4 0.718 0.400 0.402 0.318 0.000 0.002

3/19/2017 0.8 1.111 0.796 0.806 0.311 -0.004 0.006

1.2 1.495 1.183 1.193 0.295 -0.017 -0.007

1.6 1.904 1.595 1.597 0.304 -0.005 -0.003

2 2.321 2.015 2.001 0.321 0.015 0.001

0.4 0.613 0.403 0.318 0.213 0.003 -0.082

0.8 1.011 0.801 0.796 0.211 0.001 -0.004

3/21/2017 1.2 1414 1.204 1.236 0.214 0.004 0.036

1.6 1.788 1.578 1.607 0.188 -0.022 0.007

2 2.224 2.014 1.993 0.224 0.014 -0.007

0 0.352 -0.013 0.110 0.352 -0.013 0.110

3/25/2017 1.2 1.611 1.225 1.204 0.411 0.025 0.004

1.6 2.001 1.609 1.600 0.401 0.009 0.000

2 2.375 1.976 2.004 0.375 -0.024 0.004

0 0.341 -0.004 -0.017 0.341 -0.004 -0.017

0.4 0.772 0.426 0.429 0.372 0.026 0.029

32612017 0.8 1.143 0.796 0.806 0.343 -0.004 0.006

1.2 1.533 1.184 1.195 0.333 -0.016 -0.005

1.6 1.920 1.570 1.575 0.320 -0.030 -0.025

2 2.380 2.029 2.019 0.380 0.029 0.019

RMSD"* (uM) 0.319 0.016 0.033

* % : Root Mean Square Deviation (RMSD) = \/ Mean ((Residual difference)?)
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