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FE X A LTS VR v 0 L 1 05 7 R A R AT TOLG T A S, DAY T AR O A AR R S
BIRZE a0 Hr T 66 ™ A AR TR A R R A AL . SRR O0 & A B A K R R ) IR AR R Y
Bk, T AL R TR U R e 3 26 W i B O e & B T AT, A AL AR Yz 5 L (NH ), 80, B, B vk 2
7 mmol/LIvy , B AL K o RAF FEHG 57 24 ~ 48 h 4, (NH, ), 80, FI T 5 55 K, fie K #E3 #¢ Jy 0. 105 mmol/L
AT AR S RAR X e A SR A W R A R AR 2, A AR ARCR G T RHLE IR Jta A L
(NH,), S0, N %U, @A B2 3. 5 mmol/L i, B A B AT B3 ) 7 SIS 4k O & Sl AP R AE 0 ~ 48 h N

DTG AR R SR R AR

REW: EAAE REEME AR AR XR
X E S 1000-1298(2014)10-0194-06
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A RN QNI RE S DR S e
O PR BACREVR Y R R A an B AL R

L AU N, BB A8 R A A LR K AL BB R
FHBEA T L EURETT A FIAT HILER K i AL A BEAR 25 5, 2
— I AR M A AR RERE M A
GG A A T B U AL, R A R
P KA BE XS G A AR SRR o R IR
G A T 7 A R T R BT v v B Y R ER
A BRI, B TR W R NH, X
DG A T 4 [T G ) 5 A R R ) A A T
T e 15 e & AN R 7 R B AR Y
Hb L NH, X5t & B R A oA S B AE T, 2 ot &
M E LA VE R A ATP O & 77 Al 2 ad
) NH, B BN ATP KF W TR, LH™
Sk PR A Bl T 4 7 A2 B AR, NH, x
Vel 260 g P 90 <) 4 2 WD AY, 2 NHY I AR SE R 2
Jei T 206 35 P AL R LA B2, Ol 5 40 T UK A2
A P A A R L B R R R O
I PR 3 AT EL AT — S TR R o A
WA W 2 & T Rs
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SR A TR A RN U R LA R TR A
R R G A M) P G R DL AR DG AR IE o AR SCHIT ST RIS
B 7 AR A R A A U 52 R LA RO AN
P AR R RIR A AR, DU ) A 8 s Ol 45
T I A R R A R R, D Ol R
e v A Y BB AT 5 4 AR DA 4

1 #R57F*E

1.1 K
L1.1 SCR

K FRT B AR Ml R 27 A4 Ml 3B mT P 2B e U8 M RS
e B T N S I R B AR W OB G 7 AR BEE N
SEE TR o MRS AR BB K RO ol g 3 B M T S
FRAR 3R KIS T P ) R T AR R T ]
A AR B e 552 36 FH K T 4 K T A L TE 4 > 215 B
15324 AR TR MR, 200 S 5 SR I ORI
AT A B A FLUFS F7 F11 L6 ,S7 Fi1 89 4]
Wb AR AR
1.1.2 B3

(1) kK HHE(GM)

TEAWEFE I8 G B A K 0T FH 85 9% SR U7
NH,Cl 0.1 g, NaHCO, 0.2 g, K,HPO, 0.02 g,
CH,COONa 0.3 g,MgSO, -7H,0 0.02 g,NaCl 0.2 g,
EFRF 0.1 g, 26187k 96 mL, BEETT W 1 mlL, 4 K
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T W 1 mL, pH {H 5 7.0, Horb, A K& A
3.0 ¢/L. CH,COONa, f# & JC & /& W & FeCl, - 6H,0
5 mg CuSO, -6H,0 0.05 mg,MnCl, -4H,0 0.05 mg,
ZnS0,-7H,0 1 mg,H,BO, 1 mg,CO (NO,) -6H,0
0.5 mg, # i £ 1 000 mL Z& 48K H , A KA BN
YR B, 0.01 mg JE MR 1 mg AWK 0.01 mg XF 44
FEIRFR 0.1 mg, J 7 £ 100 mL 284K R

(2) ARG SR 2 (HM)

7R 7R A R A AR il B R A v R
(NH,),S0, , Hofth 53 55 He il B 55 3 )
1.2 SK®HE
1.2.1 AK5ER

Br R4 4w R 1 500 mL 3% 58, 3 X BUW Fh 7
W CHARSE % 40 b)) H R EE D 20% o F2 05 R
R ZE T E T — DA S Al AT T 7 BURE . O
WK S 15 IR 1 30°C,3 000 Lx A5 B 4T S50 A
W7 d,

(1) AR GRS OG5 20 T A I B 52 )

PSR R N, L (NH, ),S0, 4 20 Mt i L 38 B R
AR IRNE R, 75 B8 A TR] 2 O A 4 T A 1 Y
RN

(2) A [r) e 58 e 2 6 16 40 TR A ) 52 )

PL(NH,),S0, JyuE— %0, 70 ¥ 0.3.5.7,
10. 5 .14 mmol/L 5 A~k B, W 58 A [] 5 £ e B X 't
G ER N A
1.2.2 P=EE

B IR 454 oK 1 500 mL B FE T, 5 b xeh A0 400 i
R RE SR 40 h) 3ERR RN 20% o M
PRIBFE S B, T — A BT Sk 4 AR T T 7 BORE , 5 o
— B Sk A A B IR L MR S T AR 7 AR 1Y
SR A TR K SR AR Mgk, S IS SR ™ E R
JEHE PR A FRAE 30°C,3 000 Ix 2514 F 47, SCH
Ji 0 7 d

(1) AR IR RS OG5 0 el ™ 1Y 52 )

P (NH,),S0, \NaNO, 75 & Bt % & H
JiR A R A O SRR, 25 A R R 6 & 20 ™ A
AR ) o

(2) A [7) e 56 e 2 0T 516 490 R 7 2 ) 52 D

PI(NH,),S0, M — &K, % 0.3.5.7.10.5,
14 mmol/L 5 ¥, BFFEA [A] 20 I B X 8 & 20 1w
PR
1.2.3 a5k

(1) OD {HayMl &

W X UM B IR W), 2 B 0 R R S B E T 60%
(W RERE I R, T HP8453 U435tk BT B, 1
VB R 190 ~ 900 nm , AR A5 4 i (4 R WOE T , 2

SO FRRAEM K 660 nm A EEE (OD )™,

(2) 4 B T 3 15 00

B 50 mIL 3t 4 B0 45 B BOX TR AR T 105°C
P U h R HUSFRIOBT & my s INAKE & 10 mL 5 DA
5000 r/min .0 10 min, 3 % EVE R G H A £ 5
F7K 20 mL 4% 2% 2.0 10 min, 2.0 58 55 FIE W)
Br LG T THRAE 105C T4 2 h R &S FR m, , 4 i
TR

m2 _m’l
Meow =730

(3) W pH (E I E

Bk pH {H % FH B 1 Delta320 %Y 2 B i1 )
FE )TN FE I AL S B RS\ AR 77, pH(E I E
0 ~14,533%0.01,

(4) IR 3 )

KT MR B TR A BRA R AR 77 /) TES —
1335 RUBC AR BT E , 43 By 0. 01 Ix,

(5) AT HE

AAE EM E R GC — 14B AU @5, &
TEREIRL SA 230, B AERC, i i 45 mL/min,
KT 99.999% (1 & 2l A AR R E R . % S
FE TR BE 100°C , 4175 80°C , TCD #: | #8 150°C |, ik
FERE 500 wL, BB ] 2 min, P24 A 168 h 7~
AEUY,

(6)NH," [l &

BOHRE S, IR BN, = R T B i NaOH
JG, AE A P— NH21 AU AR, B HE 5 min 53240, M
P il 2R AT R A B NH, v

3 ZER50W

3.1 REHFERKITEFXNRFENF A

AR R Al B E AR, TRz
RUE AT AR BERE A JC ML &R s w] R A LA
U, Ao mT DA ok [ RUPE T #7280 i R0 2R AT
AR R 20 TR AT AN () 286 1Y 1 0T 1 R ROR A
ARKAS] AN [ T A0 []— 200 ) A P A AR KA T
A A T A 3 R P R A AR B R
3011 ORTE SRR A 40 AE A 15 e

VECR A B IR B H R AN A S ke R (iR L
iy S AR S U8, 25 8 [) U8 % 6 40 T A K Y
SR, A RNER T s

®1 ARREXMESAEERKLGEM
Tab. 1

Effect of different nitrogen source on
growth of photo-bacteria

R AR AR R EAM A A

oD 14 0.63 1.94 3.71 2.72 2.84
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MR 1 A LIE W B s IR R 5 R BB i
PR AR 0 T I 4 A R, DA R AR S AT
B, A A TR B AR I O B Ol R, BE SR 120 h )5,
PR OD {Hk 5 3. 71, 3XJ& PR Sk A= W 0k 06 9 1)
X NH, B AT AT #e 0e sh l DL B MO &
YA R TR A R AR A R A AUIR TR RO R L
FER A, T 24k NH," A 6E S 40 ML B A1, o DA
B R A MR W AR AR R AR . AR T
R EAMEEN, ZFHTFERKRKRNEE, X
KA G A A [ AR B A KRR 2,
IE s =2 T BUE KRB,

SR LA OBA R A K AR o AR AT AR R
M BEPE  TCHLAE B A7 R T 6 4w iy 2B K, L
R R T e B o G A AR T R A AL AR IR
Z N, A AR A KN o 28
300,22 AS[E) A vk B G A A e A K B R )

PL(NH,),S0, M — %, % 0.3.5.7.10.5,
14 mmol/L 5 A~ B WF 58 A [R) 005 Mk B X 65 40 1A
AR, NE 1R
—+ (0 mmol/L
Y it

—+10.5 mmol/L
3 —+14.0 mmol/L

&
&

0 24 48 72 96 120 144 168
5 l/h

BT AN [ SRR 32 0 0 & 4 1 A K R TR
Fig.1 Effect of nitrogen concentration on

hydrogen production

P T SR T 0 R S v B X 6 4 A T i A K
AARKF M, (NH, ),S0, ¥ 0 mmol/L B}, [ {4
JUT A A KIS, B AR G & a4 K
F 2B J5T, VR B B 2 23 T T AR AR R A Ik,
(NH,),S0, ¥y 0 mmol/L B B {4 t B/ &5 19 A=
K, vl Rt F A B A D B (NH, ) ,S0, T 5]
HH 5 (NH,),SO, ¥ EE R 0 ~ 10. 5 mmol/L B, 7¢ &
PR AR A, TR AR AR K B o ST v B A T R T
{H 224 B A4 3 A% 0 K A, 10, 5 mmol /L i) ¥R &
Xof TR AR B A R A 5 e ) 0 A R 6 B T AR B
77 48 h 5 A KM, A K 3R T B (NH, ), S0, ik
JEH 3.5 ~7 mmol/L i}, A4 KAEHLE R R 4T, &
VRS ok B2 kg 7 mmol/Lo B, T 1R AR K R O R
(NH,),S0, N B #5105 mmol/L B, & A M
JEE 6T TR AR 114 A K 7 A e i 1 I R P D TR AR LT
A A RO AR I R R T

o B MR s 5 R A B 05 TR 0 K, = 304 M il 2 At
_[‘::O
3.1.3 OGN A K AR R R A A

LA 7 mmol/L(NH, ),S0, ot 4 i /Y ik — &
U W90 6 A TR A ek R e G RO Y A R, dn
K2 Frs .

—— NH, % —%— ODfif

NH, %%/ (mmol- L)

0 24 48 729 120 144 168
I ) /h

B2 G AR e R b &R 0 R
Fig.2 Usage of nitrogen in process of growth

ME 2 AT LA, 6 G 4 WAE K &0 U
(NH,),S0, AR ,0 ~24 h & 44 x5 & I 1 ] ]
B B B R A FAERK AR, 24 ~120 h fE &
TR AR A A R, ECURR) T R R T
FJE 24 ~ 48 b B P, (NH, ), S0, {10 74 6 i 5 0t
K ,i5%) 0. 105 mmol/h, 120 h J5 , Bl % & IF A & i
TH AR, B MR B2 AS BB L' & i PR AR K 1 T 2,
A A RS2 B A K AR TF IR T B, R A A K
AFER
3.2 gtEHEFSIERPNRIENFA

A 2 T A 32 E T U A AR 1, ZUTR Y
T 248 S SRR 1) e J3E X 't B 40 T SR AR R B R
MEEFEABE R AAAE N, 5 NH, B, NH, 25 300 i[5 4
it 1) 7 SIS O B 40 T A RE ) R R E o8 4 i
1E BIFSE B, AN T B 2805 288 KA [m) 1) 28005 R B Xk
S AR Y 7 A B IR XA AR A
TG A P 52 i = S5 B Dy e [o] 80 0% M 1% 5 ), IS R
FEFRWH Y C/N 2506 A T AU TS 1R i T g R R,
SEEDCA A E T AN R EE N — PR,
3.2.1 ORTEVZEUUE XG40 TR A 5

RIFEXOCA A A2, E 2 & H oy NH)
Xof [T 60 I A 5 A o A T, 06 A A [ SR O R
TEINAEL ER JL 438 5 st e e il NH, JHFE5E 54 05
I 20 g B T K A2 7 S P o A [ R R O B Al R
Ik e G A R &R A R T BE D R TR Y A LT
I T AR Lk — 2 4 Oy NH, A REHEAT I, BT LA
Xof [T 0T o8 A 5 55, T TG ML RV 0 RE A BB R
R A TR DX [T R0l A o ) B R AE T o PR, 45 3
BROG A 40 T - S R — R DU LR B R
R AR A W i T AR AR B0 BRI , X &
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WA 5 2w A A AR RS A, 2% B 7 mmol/L
(NH,),S0, NaNO, 7+ 24 Bt i | 8 1 1 JL Bl ) Jo A
R WA R RAR RS 6 & 20 7= S R 45 2R
n2e2 frow.
R2 ARAEFEXNEEGHAESEHIRZME
Tab.2 Effect of different nitrogen source on

hydrogen production

A MR MR AEAmE  EAk
P/ mL 410 362 438 272

7 2 RWY A ) EIE O G AR AR R
(52 ) LA A8 520 TR 40 O 0 D s 1 7 e e, 36 )
438 mL, i LA (NH, ),S0, S %0 I8 i 7™ & it ik 3
410 mL, 4 Fp 25D T 2 FfR Y 7 A i e b . T
PAF A [ SR D6 5 77 SR 6 B ™ S0 1Y 2 0 O
AR AR, TEHL AR 065 4 i ST RO R B
AR R G AT RE 2 PR DR 3R S TR R ] A A B 9 K
N, BE 8 A R B oML RN 7 S0 R i 30 o] g
S PR R BT e 2 AR, 3 T AT 3 B0k [ 2 Y
MRS, ©AA T3 R U, Z I A X8
B AR Y 7 UG A DR R R PR B 3R P
C/N A& e s Ot & 2 T [ 80t 7 005 1 i e A
2R, TOHLR VRS R 5 T A ™ U F B AT R B 4 il 4
MLl e 5 B SR C/N A 5%, H N ik 75 2 3
— W5,

3.2.2 AN[A) ECUR AR LR O Al T R S

¥ (NH, ),SO, ¥ E 5%k 0.3.5.7.10.5
14 mmol/L, Z /& 4N ¥ & - 30 mmol/L, #ff 5% A [A]
(NH,),S0, #& X566 40 ™ SR 2w, sl 3 i
7o
—+ (0 mmol/L
400} 3.5 mmol/L
= 7.0 mmol/L

—+=10.5 mmol/L
—+—14.0 mmol/L

0 24 48 72 9
i) /h

B3 AT (NH, ), S0, ¥ X565 4 B ™ 2 102 R
Fig.3 Effect of (NH,),S0, concentration on

120 144 168

hydrogen procuction

Hi & 3 0T LA 55 57 25 A 3mSR B
JUPBA 7 A B 00 B, Ui B S0 D50 Ol & 4 1R ™
SR BT, BT BRI AT, T AR A K Z B ],
I 0Ot L A BE A 25 K, AT [T G0 AR 2 OG5 A T
(e AT PRI R AR A B 7 S A, /R

TEOG 4l B ™ S0 A P RT AR L R 3 A8 A0 P U A%
L, PR O % e v e SR U I AR A 52 B
HoP 2 G e 2 B W AN . 3.5 ~7 mmol/L {5 [
W (NH, ), SO, ¥k By 7 0l ik B, J0 2 AR
WSy 3.5 mmol/L I, 7 S S i 1 B K, B AR B A
BRI A . (NH,),S0, ¥ EE S 7 mmol /L i,
3.5 mmol/L A HS N it B AR 7 S AE ity S A5 T B 1K
(=R N i Sl e S B SN A 1 P
(NH,),S0, # i ik 7 mmol /L B, B {4 1) 7= &3 1
Ul Ea 2 T AU I = A N T s =P e B
FrrakzEm b BB TR NHNHS A9 8 B8
2 0 o T G T 0 R T T 2R Y ' i S
SRR, 2 Ry 7 U A A PER R
3.2.3 LA AN ST R o A R A

GG AR AR A R AR T H T G A
R I SR 1) 7 A0 M 2 B NHL R P A ] . —
FBIN O SR IRAE G G A0 R R R AT O AR AR
PR A KB 1 03K LA ™ B A 23 1 [T 2, —
L[] S0 T 0 7 S0 2 IR A A A R 7 S
A BRI RIE AT, R, B IR R A A A K
T v A 0T, T 7 A e U5 ™ A ) S R P R L
HEFE 3.5 mmol/L(NH, ),S0, A&, UL 40 mmol/L &
PR B A Bl ., T 5 O A0 T A R v R U Y )
LA R 4 FR .

w200 b
L oso b
100 |
50 b

NH, # %/ (mmol- L)

—— A
—o— NH, ¥

0 24 48 72 96 120 144 168
I 7] /h

B4 O Al T AR R ad 7 rhoxd 20 9 ) ]
Fig.4 Usage of nitrogen in the process of

hydrogen production

RIAEE S w7 Sl B P B TSR AR K
Jr it BSR4 I R T e AL, AT Rt 2 5 2
M ry = S AR . 1B 4 ROt A AR Al R R
TR RER A, HAE 0 ~48 h N BTN #E , ft KT AR
AL 0. 028 mmol /L, 3% — [ B B A4 4k F 7 U 4
0T, AR T R T SR, AT AR, — HUA
PRIEA AR S A0 A5 1 A I, T T DA 1)
A, SRR & Sl B IF A S 5 4 i
7=, RIRE 2 5 40 ) b e U R e
AR . — 5 T2 T R AR A A R T
PR A RE AR R A R A B T AN PR TR 2R
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Ky o3 — T T, IR [ S0l 7 S 3 A e s A A A
L BRI 86 7 SR ASFEFEAT R A, A RE AR
EF= A AT o RIRAE G5 40 ™ S0 A P
PRARAE T A 1 T — T .

e A A R R 0 A B B A
DR A2 DR A0 i ™ S0 1) R P TR L L R
oA A B SRR, AN AR BT X 7 I
A T L, 7 SR T A SR SR 2 AN S N A
P, AR AN 7 0, — T T A] REJE: T L JR RE A8 e 2k
I O P, G AR PEE A [T S 10 97 Pt 2 52 1)
A, o5 — T T, IR 7 S A R BR TR T R Y
&, ATRE R 22 5 Ay = AU, A7 e
Wik A f5 T ik — 2T

AR AR IR Z, N, 2R T A A A U e oy 42
8. PL(NH,),S0, %, I E 5 7 mmol/L
I B MR e o R

(2) & 4 PL(NH, ), S0, 2 B A KB, 0 ~
24 h N OO SR A AT I BER AL T A K
IEHEIY . 24 ~ 120 h DY BE R A HE A A K, 20U
| P R 1 T, JEHOR 24 ~ 48 h B[R], (NH, ), SO,
F 3 B R, e R A A 0105 mmol/L
120 h J&7, (NH, ) ,S0, FEAS I #E5¢ 5, 1 PR 2E A B2 E
.

(3) AR FR SRR RS e & 7= SR G ™ S
AR B, A LI A 1F R B 9 7 S ROR B
FRHLABE . Jed 4w L (NH,),80, KR

4

H
P, JCHL R IE R 8 3 I W) o i & D 06 4 40 B

i, (NH,),SO0, ¥ 2 3.5 mmol/L I, 15 & H.
A B P AT o O A R R AR U
0 ~48 h A A THAE , BRZEA ™ A I 5 AP

it

(1) A 2 PR A A i 8 v o) R0 U A AR 5 1 32

4 IR
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Nitrogen Source Utilization of Photosynthetic Bacteria in
Process of Hydrogen Production

Wang Yi Zhou Xuehua Zhang Zhiping Zhang Quanguo
(Key Laboratory of New Materials and Facilities for Rural Renewable Energy, Ministry of Agriculture,
Henan Agricultural University, Zhengzhou 450002, China)

Abstract: The mixed culture of photosynthetic bacterial was screened from activated sludge to carry out
the experiment of hydrogen production. The effect of different nitrogen sources on the growth and
hydrogen production of photosynthetic bacteria was studied, and the utilization pattern of nitrogen source
in the process of hydrogen production by photosynthetic bacterial was also analysed. The results showed
that; the photosynthetic bacteria had a significant selectivity in the process of growth to utilize nitrogen
source. Inorganic nitrogen sources, especially ammonium salts was the most vulnerable to be used by
photosynthetic bacteria, and organic nitrogen sources followed. Using (NH,),SO, as nitrogen source for
growth, the best added concentration was obtined, which was 7 mmol/L. The maximum utilization
appeared in 24 ~48 h of cultivated time, and the top consumption rate was 0. 105 mmol/L. The impact of
different nitrogen type on photosynthetic hydrogen production was not significant and the organic nitrogen
was slighely better than inorganic nitrogen. When photosynthetic bacteria utilized (NH,),SO, as nitrogen
source for hydrogen production and the added concentration was set as 3.5 mmol/L, the photosynthetic
bacteria showed better activity of hydrogen production. The nitrogen source was only consumed during
0 ~48 h in the process of hydrogen production, and the cell no longer utilized the nitrogen source once
the cell went into the period of hydrogen-producing peak.
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