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4 HPLC ZRAUL-Bfich ) DMPP (FEER 1L B NEI#T) D 7247 i% D B F

AR R
F—7—F DMPP, tHER{LAHHIAS, HPLC, ARk

1. [XL®HIC

AR, WERREEINHI RS SN TQNDYVY34-U AT AE T — L) ABEEE (DL FTDMPP | &V, ) 25
Te RO B ERBIS BOND. B LEAMHIA 2B & SN ARENTIE, BMKES SRY CEOFEE &K OVED
FRWBFEB ST HITODA, DMPP IZ W TIEALEHERRBRE (2020) V3BT ED RS LT,

RN BURS Tl ik ik 7 a~h7Z7 (LLUFTHPLC ) &), ) Z W2 iEEFF O DMPP 34 5 ik iidi s
TWDZENDY, ZOHFEIZ OV THEEMERBRIEIC BT DI O BRI HIAM O HriEE) 735 X570k
VSBT3 DI FIEA R ETL, BIE ST HOWNTIT S R w7 ZD 5285 K DN HE pH O BB 5 2 AT L,
BRI D0 HrED % %M (SLV : Single Laboratory Validation) Z g8 L7=D T, AR ET 5.

2. MHRUAEE

1) FTAEH

MIGZHEAL COLEFAEEHZ DUVT, DMPP ZELGSiLizb o 4 FEA R 7 8 (RFE, IRGEFRIEE 1k
FAEAE & ONBE & AR 2 2. E7, iINIENGERER I K OVE & T RRAEHEE FH &L C, DMPP FEELE D IR,
AL RAEEL B OVBE A A2 V72

FAEHZOWTIE, HBHE 500 pm D 552l 75 £ TR DI T L 7zb D 5T LTz,

2) HEFOHRR

(1) DMPP fE#Ej (2 mg/L) : 3,4-PAFVE T — V0 Ak [ CsHNO4P] (R E bR T3, skl e
98.0 % (H&/73)) & 0.20 g (I &0, HEERALFLL 7203 HKIZEHL T 100 mL & L7z,

(2) WREMRIEYER (0.5 ug/mL~100 ng/mL) : DMPP fEH#EH O —EBZRAL, K THEEARLTO0.5
pg/mL, 0.75 pg/mlL, 1 pg/mL, 2.5 pg/mL, 5 pg/mL, 7.5 pg/mL, 10 pg/mL, 25 pg/mL, 50 pg/mL, 75
pg/mL & O 100 pg /mL O S AR MER A2 gL 7.

(3) 10 mmol/L VAME —/KFEF NIV LEHE: D AlE —KFET DL K[ NaHPOs+ 2H,0] (B =7 A
JLLFYERESRAL, BEk) % 1.56 g 1300 ED, KIZEEHNLT 1000 mL EL7z.

(4) 7k: #BRIKELELEE (MILLIPORE 8 Milli-Q Element A10) % AW TR RLL 728K (FLIKHUHE 18
MQcm L b)) ZfEH L.

(5) TER=RIL: BLET7AVLFDEHEE HPLC H

(6) VAR _IKFETFT NI L IKFY: &7 AVLFEAMEE Rk

3) EERUSRE

UOMSTATEOE NRMOKE B L e 2 — i E e 2 — (B4 TR A —
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(1) mEEiEARIa~777: Waters 2695 Separation module, 2996 photo diode Array Detector
(2) #72: Supelco Discovery C18: =X 150 mm L X N£E 4.6 mm LD., FifE 5 um

(3) I XFIAZ—F—: HULGE -k F-626N

(4) i 057 fER% : HITACHI himac CT15E

(5) i LR ZM-200 Retsch

(6) #EFIEIEAELLE: SND US-4

(7) B KRS E . MILLIPORE Milli-Q Element A10

(8) ®ETTIAT: JTAA

(9) efe~yh: 772A

4) SWAE

(1) fhih

INTERER 1.0 g &2 1 mg OHTETIINDEY, e =477 22 200 mL (2 A, K 100 mL 2Nz, <7 FF
VI AR —F—Z% FNT 10 3 EREEITo72. 51T 8000 X g T 5 /ffiE L BEL 7= 0%, HPLC JIE
FFRBHERE LT,

IHT 71— —hMZ Scheme 1 DEBVTHA.

| Analytical sample 1.0 g | 200-mL ground-in stopper Erlenmeyer flask

«— water 100 mL

| Extraction | Stir to mix, 10 minites
|

Centrifugal separation

1.5-mL ground-in stopper centrifugal precipitate tube,
8000 X g, 5 minutes

| Clearance
(Dilution) (water)
Measurement | HPLC

Scheme 1  Method flow sheet of measuring DMPP in fertilizers

(2) HPLC (X5 HlE

e o Fl DMPP A 5K 10 pL & HPLC (AL, BE#>Y A5 Z 23 & L7z Table 1 ORE ST UV-Vis
WA LA WS FE A E U TR LAV — VAR DR AR A B L7, 3UBHAR 10 L % HPLC 123 AL,
B — 7 HFED DR BRI EZVFENAR R O DMPP O RZRD, etk o EEE B L. JIERICS
WTUX, DMPP BLA OB AEEH CIIi HE — 2703 2~7 SSEICH 5B 03 - 7-Z &L, DMPP O —Z7 7312
8~10 JEHIZBINDZ LD, 12 73k LTe.

7B, FEEIZOWTE, BERY T 1.5 mL/min EXCWD03, ZOF R CIEA BIOMRFHI T H L%
IZBWT, EHNE N DFFRMELVE<RDTEMD, K570 0.7 mL/min &7z, [RARICH T D8RI OV
T, BB TITERLESNTODD, FIRL -~V OIEE CIIaRIc > TUXRELE#E B %, HPLC 15128
WC— AR EIRE TdhD 40 CITEFH LT,
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Table 1 = HPLC condition

HPLC Waters 2695 separation module
Detector system 2996 photo diode array detector
Wavelength 224 nm
Column Discovery C18 (150 mm Lx4.6 mm 1.D., 5 um particle size)
Column temperature 40 °C
Mobile phase 10 mmol/L Sodium dihydrogen phosphate - Acetnitrile (40+7)
Flow rate 0.7 mL/min
Injection volume 10 uL
Measurement time 12 minutes
fnay 7223
DMPP _—
02
0o o4
3 oo
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\
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nm

Fig. 1  HPLC chromatogram of standard solution and absorbance curves of DMPP (10 pg/mL)

using Discovery C18 (Wavelength: 224 nm)

1) REROEREOHESR
0.5 pg/mL~100 pg/mL OFiPH TE— 7 fifiz oI Bt A 1ER L 72. DMPP O @R OV ERRER () 13
0.999 LL EA7RL, ZOHFPHIZIIT DI RO E S R TE72 (Fig. 2) .

3. # R
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Fig.2  Calibration curves of DMPP using Discovery C18 (0.5 ug/mL~100 pg/mL)

2) HMHEHORET FREXERUVHHAE

AEAL 23512 DMPP JIE HFIEOBEH i, Ok 30 g 2 1000 mL &7 7 A2 iE0ED, 7K 900
mL ZNZCTHY 15 RS R ALERAE T2, EENTWDBLTFTAEIET 5. ). ZhUCxL, @k 1 g2 a R
7722100 mL (21230 &0, 7K 90 mL 2012 T A IEERIERICH &S W A1T5 51k (LT IB ik &35, ),
F I LOMEEFE RBRE Y GRS T DA TR L RN THIRA O /3 Hrik L [RERIS, 30K 1 g & 200 mL 48 =
7 TRV ED, K 100 mL &2 AX—F—"T 10 3 HNEEES HECLTFIC 1835, ) 120
T, ENEN A BEEHIETHZ L1202 ATEE BiE, KDY A 1EE CIEL T 57290, DMPP ARl A STz 3
FEFADREEHZDWT 4 BT EATV, FBE KON ¢ BEIZEY DMPP JE SAE O [ SEMEA B L 7. A~
C LR COHMHEREDOARE 5% Table 2 (2, HHEOFE %A Table 3-1~2 (ZENEIURLTE.

A 1E-BIEDEE, A E-CIEDHIILIT, 2 DOMIE THEZEZDBO IR T ZE0b, ZOH DI
TIEMLO R BN HIA O AT IEIZ B T A T AL [AERIZ, BUEF 1 g & 200 mL 3648 = A7 72212130
ED 10 S TSR DI G IE (C 1B AT 228U,

Table 2 Differences in extraction operations between methods A, B and C
Method A Method B Method C
Sampling volume 30g lg lg
Constant capacity 1000 mL 100 mL i
(water)
Adding volume i i 100 mL
(water)
. Ultrasonic shaking Ultrasonic shaking Stir to mix
Extraction . . .
15 minutes 15 minutes 10 minites
Hydrophilic PTFE Hydrophilic PTFE . .
Filtration membrane filter membrane filter Centrifugal separation

(0.45 pm)

(0.45 pm)

8000 xg, 5 minutes
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Table 3-1  The comparison of methods A and B

Quantitative F -test t-test
Sampl Method value of Critical Critical
ample etho . i ritica ritica
P pMpp?  variarance o t-value 0
(%) b) ratio value value
0
Method B 0.269
Urea Method A 0970 4.02 9.28 0.95 2.45
(Conventional method) '
c q Method B 0.0559
ompoun
fertﬂli’zer N Method A 00560 3.68 9.28 0.46 2.45
(Conventional method) )
Mixed Method B 0.0248
ixe
Fing Method A 00051 1.33 9.28 0.83 2.45

(Conventional method)

a) Average (n=4)
b) Mass fraction
c) F (3,3;0.05)

d) ¢ (6;0.05)
Table 3-2  The comparison of methods A and C
Quantitative F -test t-test
Sampl Method value of Critical Critical
ample etho . i ritica ritica
P pMpp?  Yarirance o t-value 0
b) ratio value value
(%)
Method C 0.266
Urea Method A 0.266 2.65 9.28 0.20 2.45
(Conventional method) ‘
c q Method C 0.0507
ompoun
fertilizer A Mﬁ?thodA 0.0498 2.23 9.28 1.16 2.45
(Conventional method)
Mixed Method C 0.0231
ixe
fertilizer Method A 0.0234 1.14 9.28 0.55 2.45

(Conventional method)

a) Average (n=4)
b) Mass fraction
c) F (3,3;0.05)
d) ¢ (6;0.05)

3) HHEHO®E:AEHE
CIEDABITIEIZBWT, mODEEA A T L T AN — BB LT E ORI 42 R L7-. Table
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4DERY, FRRENK Nt E TH BEZNRBDO LIV T-Z8 0, WT DA T iELEH TEAZ L2 MR
L7-.

Table4  The comparison of centrifugation and filtration

Quantitative F -test f-test
Sample Method value of — —
DMPP” Variarance  Critical Critical
b) . 0 t-value a0
(%) ratio value value
Method C
(Menbrane filter) 0.0541
Compound
fertilizer A Method C 1.05 9.28 1.23 2.45
(Centrifugation : 0.0544

Conventional method)

a) Average (n=4)
b) Mass fraction
c) F (3,3;0.05)
d) ¢ (6;0.05)

4) TMIYHORADEEDTHER

BE, [EN TIREPERERSN TS DMPP B A IEEHI & THME 2 & SRV EETHh A0, S % AREL S
T ARBHZ OV TH BERSNA I REMEN B HE % %, DMPP JERLA DA EE AL IEEL 4 S ONRAHEIE
AREEE 1 AUZOWT C IEICE D ATTYY, DMPP OB —7 L&Y — 7 O BARER L. £/-, DMPP
FHERA THVEED & F22 MEAIEEE 1 A % OB AR 2 51, 17 ONZ DMPP A Al & L7-b O DGR ILE D
RWVERIEL T, TR AATERMEAIRE 1 5, AT F AT IVTERREEIRSE 1 8, A/VLT VT ERIIT R
FHEEH 1 SR OB EZEE 1 SISOV THREIEED, B —7 DR AR LT,

ZORER, AREAVLEIEE 4 55, RS t&ﬂef@/\ﬂeﬂ 1 B R ORLLT TR TR Z BT DU
T, 8~10 3tHIZ DMPP OY —2 LEHRDE — 270300, O FIRF S % EEHE— RO ZE0D,
AE 2 S IR R OBV LT VT eI TR B IEEHZ DWW TIARIEDE SN T 22L& LT,

7B, INbOY — IR E FRM U ARE 25 DIEEHI S ENLAHE K Table 5 12, FEEtDIm~
NS L% Fig. 312, TNEHRT.
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Table 5

Organic raw materials in fertilizers containing organic matter for blank test

Type of fertilizer

Organic materials

Rapeseed oil residue, Castor oil residue, Rice bran,

Organic compound fertilizer- 1

Mixed organic fertilizer

Organic compound fertilizer-2

Processed poultry manure fertilizer, Fish meal powder,

Rapeseed oil residue, Castor oil residue, Rice bran,

Organic compound fertilizer-3

Processed poultry manure fertilizer, Fish meal powder,

Mixed organic fertilizer, Dry cell fertilizer

Organic compound fertilizer-4

Compost mixed fertilizer

Steamed leather powder, Dry blood, Steamed feather meal,
Processed organic fertilizer, Meat-and-bone meal

Chicken manure compost, Livestock manure compost

Rapeseed oil residue, Rice bran oil residue, Soybean oil residue,
Mixed organic fertilizer, Steamed feather meal,
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Chromatogram of DMPP-free fertilizers at developed method

Arrow: Approximate retention time of DMPP

Horizontal line: Rough fluctuation range of retention time of DMPP
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5) FINEULEERIC &S EE O ST

BEATANT 5720, DMPP FEELA DIRSE, (LAADE (EHEBEARE A & 7200 L OB AR (R & 1 5
AL, 3 S0MT CHINEIGRER 2 5 hiE L7 % Table 6 (2" 7. ZHLE TIZE N THEEERZIL TS DMPP
Bl A IEHZ 35155, DMPP O &P 0.03 %~0.3 %FEE THOEEZ 0.1 %RiIEOLDONZNZE, FT-,
FERRITRRFHME LD 72 BRI B G SN — AL EL T, IR 0.01 %, 0.1 % & V0.5 %s L7z,

W IOENL S RS REBEV RSN COAEE D BIEFEPALIN Th o= 2830, RIEIT 37 E
EEHL CNAZENERINT.

Table 6  Results of recovery test

Spiked Quantitative value  Recovery Criteria of the
Sample level of DMPP” rate trueness®
(%)" (%)" (%) (%)
0.5 0.501 100.2 85~110
Urea” 0.1 0.0976 97.6 85~110
0.01 0.00989 98.9 80~115
0.5 0.507 101.3 85~110
Compound 0.1 0.0971 97.1 85~110
fertilizer” ’ ’ ' -
0.01 0.00973 97.3 80~115
. 0.5 0.504 100.8 85~110
Mixed
cortilizer” 0.1 0.0969 96.9 85~110
crtiizer
0.01 0.00988 98.8 80~115

a) Mass fraction

b) Mean value (n=3)

¢) Criteria of the trueness (recovery) shown in Testing Methods for Fertilizers
d) DMPP-free fertilizer
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6) PHTRERUSEFEEORER

DMPP B A IEEF CH DR | A, IRAEFIEL 1 A, (LAAEEE 4 SR OBLE IEEF | SIZOWT, 28
A2 BOMTC S BIRIEZEIT o7 fE5R% Table 7 IR 7. F7o, TORRA LIS, —IoBLE 0BT E21T->C
OO TR K O S L4 Table 8 (2”7

WO AR R 220 AER S5 BR IEY | RS QOB O T FE (D TAR R MR 22) K OV DRSS (R
AR AR 22) OFFREPHN CTho7o 2800, RIEITH07 e EE2 B L TODLI LN RSN,

Table 7 Individual result of repetition test of changing the date for accuracy estimation (mass fraction (%) )

Test day
Sample
1 2 3 4 5
0.262 0.258 0.253 0.259 0.260
Urea

0.260 0.257 0.252 0.261 0.261

Mixed nitrogen ~ 0.149 0.147 0.147 0.138 0.143
fertilizer 0.149 0.144 0.145 0.139 0.144
Compound 0.110 0.105 0.107 0.098 0.105
fertilizer B 0.111 0.105 0.108 0.099 0.105
Compound 0.0554 0.0541 0.0541 0.0504 0.0526
fertilizer C 0.0554 0.0545 0.0531 0.0507 0.0528
Compound 0.0380 0.0378 0.0377 0.0352 0.0372
fertilizer D 0.0388 0.0379 0.0376 0.0353 0.0366
Compound 0.0334 0.0320 0.0319 0.0324 0.0328
fertilizer A 0.0334 0.0331 0.0319 0.0325 0.0319
0.0183 0.0185 0.0181 0.0183 0.0179

0.0190 0.0187 0.0173 0.0190 0.0185

Mixed fertilizer
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Table 8  Statistical analysis of repetition test result for estimating precision

Quantitative

Repeatability Intermediate precision
value of
Sample DMPP” 52 RSD."  CRSD.® s’ RSDin?  CRSDin"
(%)" %) (%) (%) (%) (%) (%)
Urea 0.258 0.0011 0.4 4 0.0036 1.4 6.5
Mixed nitrogen 0.145 0.0011 0.8 4 0.0039 2.7 6.5
fertilizer
Compound
fertilizer B 0.105 0.0004 0.4 4 0.0044 4.1 6.5
Compound
fertilizer C 0.0533 0.0004 0.7 4 0.0019 3.5 6.5
Compound
fertilizer D 0.0372 0.0003 0.8 4 0.0012 33 6.5
Compound
fertilizer A 0.0325 0.0004 1.4 4 0.0006 1.9 6.5
Mixed fertilizer 0.0184 0.0004 2.4 4 0.0005 2.8 6.5

a) Mean value (n=sample number of parallel test (2) x number of test days (5))

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods

for Fertilizers

7) EETRFOHETE

DMPP O i OFEHERR DO fe/ INEFELT 0.5 ng/mL (O ATa0EHF T 0.005 %A &) THY, SN T 10 %
HZ T, £z, DMPP BLEIEENDS S, DMPP Bl & EmOFHMED KB 726 DIFHT 0.03 %FRE Tdh-o
T2ZEMB, D) 1/5 TH5 0.006 %FH 2 (270555, DMPP FEELA OBLEIEEE 1 g 12 60 ug ZUsIL T 7 AL
BT TONL, ZO VM M OREAER 722 D5 % Table 9-1 (/RLTZ. ZOHHIC I > THHSH47= DMPP O
DT OFER, FWZ R ERR (0.5 ng/mL~10 ng/mL) & OFRERANLD SN Iz OWTENE N, IERHEER
BRIEVBI SRBRIEOZ S MR O FNE 1ZHE->TER FIR&L U TER% Table 9-2 D& BVHE L.

ZORER, DMPP O E & FFRIZ 0.003 %, f&H FRIE 0.001 %FEELZNENHEESNTZ. Fo, BIEET
95.7 % TV, MEEHERERIEI RSV TW D HEE RO HELERPHN Th o7



50 NERHIFZE A Vol. 14 (2021)

Table 9-1  Result of parallel test for estimation of the lower limit of quantification of DMPP

. Quantitative Recovery
ik
Sample Slivjld value of s rate of
P DMPP DMPPC)
(%)" (%)" (%)" (%)"

Mixed fertilizer” 0.006 0.00574  0.00007 95.7
a) Mass fraction

b) Repeartability standard deviation
¢) Mean value (n=7)
d) DMPP-free fertilizer

Table 9-2  Result of estimation of the lower limit of quantification and detection of DMPP

By parallel test” By calibration curves” By SN ratio”
L00? LoD® L00? LoD® L00? LOD®
(%)’ (%)’ (%)’ (%)’ (%)" (%)"
0.0007  0.0003 0.003 0.001 0.003 0.001

a) Procedure(3.6.1) and (3.7.1) for validating the testing method
in attachment of Testing Methods of Fertilizers

b) Procedure(3.6.2) and (3.7.2) for validating the testing method
in attachment of Testing Methods of Fertilizers

¢) Procedure(3.6.3) and (3.7.3) for validating the testing method
in attachment of Testing Methods of Fertilizers

d) Estimation of the lower limit of quantitation of DMPP

e) Estimation of the lower limit of detection of DMPP

f) Mass fraction

4. FEDH

HPLC % HWWTHEENH D DMPP O3 HTIEIC DWW TR FTLIZEZ A, IROFE Ra157-.

(1) #ERRIEIARLC TR 5, 0B 1.0 g &2 200 mL &3k = /A7 722121320 ED, 7K 100 mL
EMZ T I AT VI AL —F—"T 10 RN EIRER, B OSBEEIZA TV 72— T 50 EEL
7.

(2) HPLC OHIEZRIML, C18 7% W T R % 224 nm, #EERZ 10 mmol/L VAR " /KFHE T~
DL+ 7B R=RL (4047), HiEAE 0.7 mL/min, M NI T LIREZ 40 °CELT-. F£7-, BEMHROERIET 0.5
pg/mL~100 pg/mL D& CREFE G EREL 2=0.999 UL 1) Z7R L7z,

(3) AHEZE IR RV LT VT ERII TR FBIEE CIE~ N vV ZAD BN HDHZE0 D, RIEOTHE
HAsELT-.

(4) BNENGERERT, 3 FEEOAEENT, 3 BeFEDOIREED DMPP ZIRIMLIZE 9 @22V T 3 s T #HT
w1, FHIEET 96.9 %~101.3 % THY, IEEHERERIEY 2B KR L ~ L ORIEEO FFAFFANIZ
TRTEHENT.
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(5) 4 FEE 7 SOREHIOWT 5 BREIOKESHTEATV, DTG K O IRE 2 feRB L7 /G5, ek
HRBRIE TREN TS B ROFFHNTH-T-.

(6) AIEIZEITH DMPP O E & FRRIZ 0.003 %FEE, fft FERIZ 0.001 %R E ThoLHEESNT-.

PL s, H—3BREIZB T D ITIED 2 G M2 MR LT RE R, ATEITAREN R D DMPP I E 3572912,
F oI EREE B L QDI e A MR LT,

X

1) HJIE, R 8 3,4-dimethylpyrazole phosphate (DMPP) D2k i 5 H LR FGBAE ~DIE
H A TEEIERAHERS, 90(2), 147-152(2019)

2) Gero Benckiser et all: The nitrification inhibitor 3,4-dimethylpyrazole-phosphate (DMPP) - quantification and
effects on soil metabolism , Plant and Soil, 371, 257-266(2013)

3) FEMOKPERS & IERHUR T S &M@ LR O A E B 2 EDHE O, B 61452 A 22 A, &k
IKFEB /RS 284 75, I ECE BTN 34 6 H 14 B, BMOKFES 575 1010 %5 (2021)

4) FSEATBUE N RMOKEETH B 2 280t 2 — (FAMIC) - B BR A (2020)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>

5) Fertilizers. Determination of 3,4-dimethyl-1H-pyrazole phosphate (DMPP). Method using high-performance
liquid chromatography (HPLC) , EN 16328 (2012)
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Determination of 3,4-Dimethylpyrazole phosphate (DMPP) in Fertilizers by High
Performance Liquid Chromatography

FUNAKI Norio!

'Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
(Now) FAMIC, Nagoya Regional Center

DMPP is new nitrate inhibitor used in recent years. A High Performance Liquid Chromatography (HPLC) for
analytical method of DMPP in fertilizers was developed refer to EN 16328 (2012) and validated as a single-
laboratory validation. I extracted the sample by adding water and stirred for ten minutes. After centrifugation, I
analyzed sample solution by HPLC, on ODS column with UV detection at 224 nm. As a result of 3 replicate analysis
of 3 fertilizer samples (urea, compound fertilizer and mixed fertilizer) spiked with DMPP (0.01 %, 0.1 % and
0.5 %(mass fraction)), the mean recoveries were 96.9 % - 101.3 %. Repeatability standard deviation of DMPP were
estimated 0.4 % - 2.4 % by analyzing 7 fertilizer samples (urea, mixed nitrogen fertilizer, 4 compound fertilizers
and mixed fertilizer). Similarly, intermediate relative standard deviations of there were estimated 1.4 % - 4.1 %. The
limits of quantification of there were estimated 0.003 %, and the limits of detection of there were estimated 0.001 %.

Those results indicated that the developed method was valid for the determination of DMPP in fertilizers.

Key words DMPP, nitrate inhibitor, HPLC, fertilizer
(Research Report of Fertilizer, 14, 39-52, 2021)



