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Determination of Hydrogen Concentration in Hydrogen-rich Water by
Headspace Gas Chromatography and Hydrogen Microelectrode

LIU Boyan, JIA Xiubin, XUE Junli, QIN Shucun

(Institute for Hydrogen Biomedicine, The Second Affiliated Hospital of Shandong First Medical University,
Tai'an 271000, China)

Abstract: The hydrogen concentration is one of the key indicators of hydrogen-rich water, but there is no standard detection
method at present. In this paper, the concentration of hydrogen in hydrogen-rich water was determined by headspace gas
chromatography and hydrogen microelectrode followed by sample dilution. The detection method was optimized, the
methodological evaluations were performed, and the hydrogen concentrations of hydrogen-rich water products were tested.
Results showed that for headspace gas chromatography method, the optimized headspace sampling equilibrium temperature
was 70 °C and the time was 20 min. The determination coefficient (R’) was 0.9976 in the range of 0~1.61 mg/L hydrogen
content. The recoveries were 104.90%, 102.22%, 97.78%, and the relative standard deviations (RSD) were 3.87%, 2.29%,
1.69% at the spiked levels of 0.161, 0.805 and 1.449 mg/L. For hydrogen microelectrode method, the R’ was 0.9978 in the
range of 0~1.61 mg/L hydrogen content. The recoveries were 96.75%, 95.78%, 98.00%, and the RSD were 1.84%, 0.98%,
2.80% at the spiked levels of 0.161, 0.805 and 1.449 mg/L. For the detection of seven commercial hydrogen-rich water
products, it showed that hydrogen content varies greatly, ranging from 0.8~6.2 mg/L, although they all met the requirements
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of the existing group standard. The hydrogen concentration decreased by 10% in 30 min and 50% in 6 h after the cover was

opened. The present study would develop the methods for hydrogen concentration detection in hydrogen-rich water, and

both of the headspace gas chromatography and hydrogen microelectrode methods were reliable and can be used in actual

samples.

Key words: hydrogen-rich water; hydrogen concentration; headspace gas chromatography; hydrogen microelectrode;
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Bl A A T e OO S0 BE i RSt T
SRS SAR S BEAR S ARG T2 ) 7, (B AR
MR M AR HE . S HEAEICTTE, HEHAT I R R,
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SAH TSR AN SRR . AR SO PRSI 7 7k
AT T EAAROE, EE 7 T T TSR E SR A
SUE ORI s, ARSI T R AR TP A
A&, LA RS
1 HNE7E
1.1 MR5EE

20 mL TSR SE[E Agilent 2N F]; #B4li/k 2
HEE Milli-Q MLk, 7 Fhii iR & &Kk O
dho1, A2 H . 2022-02-25, 1.5 mg/L<tp 1 ¥ BE
<2 mg/L; 7 2, 4277 H#H: 2022-02-26, 2.5 mg/L<
PRIEWRE <3 mg/L; 7=t 3, 427~ H . 2022-01-25,
1.5 mg/L<fR 73 ¥ & <2 mg/L; r=dh 4, 427 H .
2021-11-24, 2.5 mg/L<HRIEUEE <3 mg/L; /= 5, 4
77 HHH: 2021-11-23, 2 mg/L < bRiEUE <2.5 mg/L;
FEER 6, 4277 H . 2022-01-19, 2 mg/L < FRIEHREE <
2.5 mg/L; 7= 7, 4277 H #H: 2022-01-19, 1.5 mg/L<
PRIFEHRE<2 mg/L) o

8890 S AH (A5 A L #4 T AG I £ . 7697 A T =S
HEFEZY . GS-CarbonPLOT & 41l 45 £ (30 mx3 um,
0.32mm) ZE[E Agilent 23 Al; M REE(HCA H,-
50 &M HEAL)  FFEE Unisense 23 7 ; SPE-300 4
IKER ALY TS as A IR A .
1.2 EWHE
1.2.1 SASIHEKERAHIE £ 20 C, fnifERSR
JE (101 kPa) T H & 2k A5 Hi A& 09 e gl B A<
(>99.99%) L4l FE A B AliK b BB AN, 25 [
SCHR AT AN B K SR BE 2428 805 pumol/LP, R
1.61 mg/L. ML AR Sl KR RS, e il L 2 h
0.0.161, 0.322, 0.805, 0.966. 1.449, 1.610 mg/L K
FRUE T AR
1.2.2 Tz -SAHEERM (A% 4. GS-Carbon-
PLOT FE4145HE(30 mx3 pm, 0.32 mm); 28 (N,) i
# 3.0 mL/min; #£4F HRE 200°C, 53 kb 20: 15 #%
35 °C, KpiMBSIEEE: 200 °C. TS 554k AR S5
AFIE] 20 min; TRZSHRIEE 70 °C; &2 B3 E/E 80 °C;
FERLRIEE 80 °C; WEAERTIE] 0.5 min, HX 5 mL FRifE
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TAERCET 20 mL T0ZS IR A, 37 BP0 PA J5 ARG, 453
PrRifEHRZR . BRI E EUK A AB 4l /KA e AR v R £k
JEEIN (AR EE<1.61 mg/L), B 5 mL MsBEREAS
BT 20 mL TEs PRSI . ARPEPRfE T 5 e
JEREA TP AR S, IR MRS 2 R AARE A

Aot

1.2.3 SR A I S B B A L T Ay
100 mV, BE AR ALK b, Fr i s 55
RE AR AT . MRS a] 2924 2 he HX 10 mL
PRUE T AR T 50 mL #0837 B Sk
A A N5 S ha s, 19 2lbniEih 4. BrRrlaE
UK 2l 2K R T b v Hh £R 98 B N (SRR
<1.61 mg/L), HX 10 mL Fii R o FEAS KGN, AR Pa b v
MRS A T &S &L, TR AR RS2
B FIEFEAR T A A
1.2.4 WERE SUK TP SRS R TR ST
BIEGE F AR SR AR Ak 76 B b h 26 TE
N CESHREE<1.61 mg/L), M3 1.2.2 F1 1.2.3 FHY
IS BRI & EUK =P E =, K H
Wik 2022 4F 3 A, &7 AR BN . X
a1 2, SR SRR AR A I T 35 5 8.3 h
PYE B ERURE, A &< SR B ) () AR TS O
1.3 B

FRSEEGE AT 3 WK, BE S E R EZE oK .
2 2l Z (ARG 25 S FH AR ST AR AR ¢ K 56 oA 4 51
255 KA SPSS 20 K Origin 8.5 #A4FBEATEL
o biT S ETE 2251
2 HBRE5ESH
2.1 Tn=-StEEIEE
2.1.1 TAZSPERPAREE ettt Xk
SRR, 53 B 4R A A 2332 BIZK ZEA5E ],
AT R GS-CarbonPLOT E40454E ., K 1A K

A

401 4’5, (1.22 min)
N
- 304
=
0 201
X
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0 : : : ‘
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K1 S B UK (B) s HEAE (0 1 4]
Fig.1 Chromatogram of headspace sampling of hydrogen (A)
and hydrogen-rich water sample (B)

PAAE SRR TSR, 18] 1B s SKEEASAG I (23
K. TS IERTE] A 1.22 min. fEIZ S5
T, i EILL R e, SERBRE /3, I B JCHE 2 45
G
ASFH LTSI A BB 2R K ) SRS
ke, IO SR IS O RTAR Tk . EHRR]—He B
SR 0.805 mg/L)FE S, B4 T TS #EAE AN [F]F-
5 E (40, 50, 60, 70, 80 °C) FNAS [W] -l As [A] (5
10, 15, 20. 30 min) XHMEZE R AIREM . S5 RFKH:
SPEERSTRIZA 15 min B, BEE PATREE 9 FHEr, A
T RRUAH R 326 3%, 248 55T 70 °C, H Ari atids i FR
WEINggE, Hs st m S s i T s A, s
BEPE 70 °C VR A PR (8] 2A); SPERE A 70 °C
Af, BRSPS ETEE A, 5~20 min AR A4 A%
3 1 I TR, 22 S 0T AR SR AR AN BB i
(&l 2B) o BI04 T4 EARE B0 S5 AP Bk
[a]43%>k 70 °C 1 20 min.

>

—
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161 _/
15 t

T AR (25 uV)
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Fig.2 Effects of equilibrium temperature (A) and time (B) on
hydrogen peak area

2.1.2 ZtEeR  KHBIRBAEER 7ERILE%
14, % 0. 0.161. 0.322, 0.805., 0.966. 1.449, 1.610
mg/L B AR AE TR WA T T 25 - S AH (3 ik 24 7
R, AR (Y) AR, SEAHEE (X, mg/L) 2N
BEALBRIEL T T35, 458 T 25 - S AH 3y [ 7
Fih Y=19.38X+0.9595, R*>=0.9976, 7F 0~1.610 mg/L
TEEREINA T EEA R M R (E 3A) . L
3 fE(EME L A RR, 10 A5 51 bk e SRR, 7546 H
BR>A 0.0036 mg/L, xEFFEA 0.012 mg/L.

2.1.3 MEFMERRE S E EoHl &S 01613,
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o
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pecd
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A RpREZ
Fig.3 Standard curve of hydrogen concentration detection in
water by headspace gas chromatography (A) and hydrogen
microsensor (B)

A 3

0.805. 1.449 mg/L MFRUEF AT, R U B
HEAALSE S T PATINE 6 IR, ik ISRk 25 5%
TR ERR B, SE AR E IR 25 (RSD) KB4 5 vk
PR 5 R, MESESRANER 1 TR, SCIGSE SR, 78
0.161. 0.805. 1.449 mg/L #HNKN-, [BIUL 45351 K
104.90%. 102.22% Tl 97.78%, iHAERAIEE R 4F. RSD
S35 3.87%. 2.29% Fil 1.69%, ¥/NT 5%, 158 WA
EERIGE D,

22 SSMEBHRE

221 ZtEXFR B RMAERER K 0. 0.161,
0.322. 0.805. 0.966. 1.449., 1.610 mg/L BEEEFRMET.
VEG WA FH S Sy A TR, DA S8 5 (YY)
PR, EHRE (X, mg/L) AR AR BREAT B )52

B, S8 SRR L B R R Y=1297X—22.98,
R*=0.9978, TE 0~1.610 mg/L 74 Bl ARy HAa
RAFIILRPER R (K 3B) o LA 3 A5 50 L R H B,
10 fFR W b bR, 7546 R 0.00023 mg/L, &
PR 0.00077 mg/L.
2.2.2 MEWE A EE XEHE N 0.1613,
0.805 . 1.449 mg/L FruliF gl & B ML T
K, SFATIAE 6 R ANER 2 s, 7€ 0.161. 0.805.
1.449 mg/L B, BRI 96.75% . 95.78%
Fi1 98.00%, Ui HHMERHE R4, AHXRHEw2E (RSD)
S3HH 1.84%. 0.98% Fil 2.80%, ¥/NT 5%, i K
R 2).
2.3 LA

XITTEE 7 PR E UK (SRS 1~7), BFp 3 ¢
Al (01~03), i 2 oy kAT . 25 R L3k 3.
AIRAE S, T _ R SUK SRS R T R
HRAE T/NAHIEM 16-2019 8 S ALK YL E
M4 0.6 mg/L, {HAS[R] 5™ i & E BEAHZEAR R, M
0.8 & 6.2 mg/L N5, BEKTWEARERE T
RZH)E 5 TRCREY, L7 It a5 5 & B s G an
i, R —AMEARIEFFE bR . ARG A SRE
EEEER G AL 1 AR A 2) o s, B8 T eSS
W EUK AR bR RIAR RIS O . H IR 4 AT, 7E
TR BE R R R, 2 S5 iR eE . X T41
WM E 2 3 mg/L & &K= L, JFaE)5 5 h
P SSRAE S SRS AN R B 2 s XF FRIUR U2
k6 mg/L FYE SUKF=ih, a5/ 8 h SR AT ik 5]
2.2 mg/L DA I, B A AR . BASRG, IT
e A AN = SR PSS B R FE 30 min PYRRAIG
24 10%, 6 h PNZIREIL—21,
3 The54Ee

Wi SR 2R W = 250N AL I 9T B TR,
SRR ok 2, B SUKEIL T EEN
FEEhZ —, AR R E SRS bR . AR SCEE ST
T E SR EARE RIS, FEXT T AR
B EUKHEAT TR . AEREAS I AL Ry T, X R
FE Sk, T R i 2 S S B

R TSN Rk ) iRl B SO 2
Table 1  Accuracy and precision of the detection by headspace gas chromatography
ik SR (mg/L) FEBRATIE (mg/L) SR ISR (%) RSD (%)
0.161 0.179 0.162 0.161 0.172 0.178 0.163 104.90 3.87
Tizs S AR g 0.805 0.830 0.827 0.843 0.785 0.833 0.819 102.22 2.29
1.449 1.454 1.413 1.377 1.426 1.421 1.410 97.78 1.69
2 AR AR B SR
Table 2 Accuracy and precision of the detection by hydrogen microsensor
T AHIE (mg/L) SRR (mg/L) P EIAR (%) RSD (%)
0.161 0.155 0.154 0.153 0.159 0.154 0.159 96.75 1.84
RGN 87 0.805 0.763 0.766 0.779 0.765 0.782 0.775 95.78 0.98
1.449 1.409 1.389 1.380 1.408 1.483 1.450 98.00 2.80
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Table 3 Measurement result of the sample

B BRE ORI (mglL) - URRmeL)
TSR EE AR

1-01 3.30 3.22
1-02 1.5<HeEE<2 291 2.88
1-03 2.72 3.02
201 6.01 6.14
2-02 2.5<UKREE<3 6.22 6.21
2-03 6.15 6.26
3-01 0.78 0.82
3-02 1.5<iefE<2 0.82 0.83
3-03 0.86 0.88
4-01 1.03 1.13
4-02 25<UKPEE<3 1.06 1.21
4-03 1.00 1.12
5-01 1.02 1.20
5:02 2<HRE<2S 1.12 1.12
5-03 1.10 1.06
6-01 3.15 3.27
6-02 2<WES<2S5 3.00 3.13
6-03 3.10 3.27
7-01 3.12 3.40
7-02 1.5<iefE<2 3.23 3.13
7-03 3.39 3.41

IRFIE] (h)
K4 BERE R SR T 355 7K U i B ) AR A
Fig.4 Hydrogen concentration of different hydrogen-rich water
products after opening cover over time

IEEZ N, BRI 1.61 mg/L LR, 1tk
Hb, ARSI AT A T s BERE A T =X, R Tk
BRSO, RSN T RIACERAGAE TR . TEAS
I REAS Ty T, AR AR TR A FIFEAA 1 B AAIS T
MEGETL . Ik g s g IR, s S A%k
HESMEREETE 0~1.61 mg/L &/ & BN
A RIFEMECR, R8T & = DI T, Rl
HAF N K 97.78%~104.90%.. 95.78%~98.00%, AHX
FRUEIMZE 53510 1.69%~3.87%. 0.98%~2.80%, HIHE
i FE ARSI EESR . H AT bR 5 SR bR
A& EM 1.6 ppm(2) 1.6 mg/L) & 3 ppm( 2y
3 mg/L) ANEE, XS b 7 PR e S OK 3T
AR & A 33 L6 7= fty 147 38 381 AR ERR A2 19 0.6 mg/L,
H SRS A 22 R R, A [R] ™ 5 & REAH 25 30
8 Mo AN S AT TH A% - ASAH (5 A U F AR TR
B EUK P RS U TR, T LA SR FH R
e PR

S 3Lk
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