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Nebulization Characteristics Study of Houning Inhalation Solution

TIAN Heng, YANG Yixue, WU Chunmin, YAN Quanhong " ( NMPA Key Laboratory for Quality Control and Evaluation of
Pharmaceutical Excipients, Guangdong Institute for Drug Control, Guangzhou 510180, China)

ABSTRACT :OBJECTIVE To investigate the nebulization characteristics of Houning inhalation solution ( HNIS)in vitro and to pro-
vide the reference for the clinical administration. METHODS The delivery rate (DR) ,delivered amount (DA) and aerodynamic parti-
cle size distribution (APSD) in vitro of HNIS were determined by means of respiratory simulator and the next generation impactor( NGI)
with the syringin as the indication component and compared among the different types of nebulizers, compressors, atomization modes and
breathing patterns. RESULTS In the same atomization condition and under the adult breathing pattern,the DR were between 23.3 —

52.2 pg - min~ , the DA were between 178. 8 —353.2 ug and the deposition fraction in simulated throat ( DFST) was about 2. 1% for
the jet nebulizers, the DR were between 3.2 —21.2 ug - min~', the DA were between 12.9 —82. 7 pg and the DFST were about 0. 7%
for the ultrasonic nebulizers, the DR were between 7.2 —16.5 pg + min ™', the DA were between 93. 5 —217.2 pg and the DFST were a-
bout 0. 1% for the mesh nebulizers, the mass median aerodynamic diameter (MMAD ) were between 2.2 —3.6 wm. In the same atomi-
zation condition and under the child breathing simulation, the DR were between 1.5 —24.3 pg + min~', the DA were between 26.3 —
215.4 pg. CONCLUSION The nebulization characteristics of HNIS are significant affected by the patterns and brands of the atomiztion
equipment, suggesting that the atomization system should be selected according to the requirement in the clinical. Under the child breath-
ing pattern, with the DA and DR reduced, the dosage and atomization time should be adjusted according to the age and pulmonary func-
tion of the patients to ensure the safety and efficiency of clinical medication.

KEY WORDS : Houning inhalation solution ;nebulizer;delivery rate ; delivered amount ; aerodynamic particle size distribution ; breathing

pattern ; syringin
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H 2R A4S S RN s R R BOR . #K R H AT,
JCIE AL HE AL 55 b 2 ol A b 24 i A 541, (BL7E
SRVNIYSE LRI S N 7oy O I 2 7 N 2R
FUFI 25 O R T RS A Gy . BT
2555 AR VB TR AE IR TR AR T ik ) ot 42 o 2
W I HAEERS H .

WA 00 25 A, 25 AR AR YT AR
RBR T 259 SRR I 52 M), A R AR 1 T 55 A
BB RIER B H R AR BRI
e br G i 26 R a6 B B AV A S A A 8l Dy 2
SIAREERSIY L AR R IR AL T s
S M PR FH o i) 55 A RICR 1T 45 3 B0 R AL
25, A TS A HNIS [VE ¥R, 87 A
RSN R BRI A J7 2 , B A A AN ) 26
WP AR 2T s 2 S ORI 100 o

ARSI LS T B AR AR o, BT T R
WAR TGS (HPLC ) %, 43 51 SR FH W R 455 400 2% 1 37—
fREET AR, X HNIS [ 36 25 3 % b 1% B i S5 L%
2SS KB )2 50 A0 S AR i AT D A , % 58 LA AN W)
Tk e BRI AR 20T 1 55 A0 I B, T A S R
Il R AL S

1 UEFE5iKE

P ASE DL 5 B — A o 4% (NG | i 455
] PR AF . DM2000 i i 1 A g (92 [ Copley Sci-
entific G PR 2y 7] ) ; PARI JuniorBOY SX & 47 #L.LC
SPRINT Z5 4k & ( BC A W €515 1% Fff ) . LC SPRINT
Junior 55k 4% (LA BT (3 W B i £F) . LC SPRINT
STAR ZAls (A LA M R ) #1 LCD i 5 % 1k
i (T2[E PART A R W] ) 5 Wi g NE-C28 4 4 X
WAt \C 7T 5 25 Al R e NE-U100J 7 5 2
A 2SR 7)) 5 FBR 403E R 45 23 X5 fh s
(VLIRS T B A A FRA 7)) 5 5 Ak W00l B
FEsEA AR (TLI8 & AR EEST Sl PR A | ) 5 48 WH-
2000 YRR S5 At () AR BAR BRI A A PR
) AR Air Kids (#5085 55 s (BYIDRARE
FALBEEAG AT sTKA HS501 B4 43 B3 42 K (4
IKA 23 #]) s LC20AT B & R0OAH 354 ( H A &
HA AL 5 B F KOF (B £ Mettler TOLEDO 23 H] ) ;
ACE Excel 3 C,-AR 0% £ (4.6 mm x 150 mm,
3 pm, Ji 5] ACE 23] ) 5 AR EE 20 B i
CITDAS(3. 10 hjt, 2£[E Copley HFEAF]) o

HNIS(J" &R P ER, It 5191110191211
191212) 5 58T 1 (I it P HE RS HEF AR MR 55 A FR

R 27 s 2024 1 8 J1 55 59 0 15 11

AF] AT 10821, 5 i 99. 9% ) s Bk od iy (R Ik
BRT 5T, FLAR 0. 22 wm, HAR2S mm, {2 H]) 5 7K
DA PR TR R 5 A FR IR DA €8 33 4, A i
B Bl

2 #AEEHER
2.1 ARl E B L

HNIS A J7 (046 B AT R R E R FZ IR
2tk I B A A RO AW . BT S 2
SRFEW] HNIS i ZRREE AR 5 Kl o
Wi AR Oy o I AT A AR A
A R AU A E S R LRI, R 24
BAFPETEHR " M tE41 5, T HNIS
PRAT o S HPLC 3, I i 16 1A 3 ik S it 55 A
G SR WA K T % (= U
2.1.1  @miEsft R ACE Excel3 Cz-AR &%
(4.6 mm x 150 mm, 3 Mm); mshf A KN E
0.01 mol - L' Z &% 1 0.05 mol - L' R K I
W, TR ENAH B Sy YR, B B R B 5 AR G 266 nm;
WO, 6 mL + min~' s K 40 C; BEREMARL 20 L,
BB LR 1,
F1 BT HFFAFL LN E R BRA €% (HPLC) &4 &

WA T
Tab.1 The mobile phase gradient elution process of HPLC of
syringin
t/min Mobile phase A/% Mobile phaseB/%
0 95 5
10 5 95
15 5 95
15.1 95 5
20 95 5
2,12 FEWEIH A O R

1 mL HNIS £ 10 mL £/, AR50 50% 2 1
MR ZIEE, LA 0. 22 um £LA% Y 2R AR (polythter-
sulfone , PES) JE R It 3%, RIAS . X BE & il 3575 W -
REEFRPUCE T & H X A 11,61 mg, & T 100 mL
S AT 50% A R B 2105
FE21, BI5 o ObRIEIZk 780 R O IRt
VU, PR3 880 50% 015 5 2 i T JO0 B 2 R 2 4
B A 57.99, 23.20, 11.60, 5.80, 2.32, 1.16 Al
0.12 pg - mL™ Y RIIE, B

2.1.3  LEEFEag W2 127 N A S TR
S VA #2117 R S A5 R e Tl e, %
S IR T A H W E R T 45 REW], =
FA AT A E T, W L,
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Syringin

#/min B
T T T T T T 1
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t/ min
£ C
&
-l
=
v
J LM
I T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
7/ min

1 ERTHHEAEEERA) 2 AEFER(B) F T F RN E R (HNIS) g% & 7% 7 (C) i HPLC ¢35 &
Fig.1 HPLC chromatograms of reference substance solution of syringin( A) , blank solution(B) and HNIS sample solution( C)

2.1.4 RPECHRFLE W2 127 W it B
fifs 28 TROFIRR o 27 T, 46 2. 1. 17 T o g3 2 1
E KR T ARG (Y) 5K E (p) #H17
KPR, FSE A7 FE Y =79 546.24p + 17 745. 16,
r=0.999 9, 7£0.12 ~115.98 pg - mL~ ' NZ X R
KLAF,0.12 pg - mL™' FERE R & T H N H
ML (S/N) k11l 2 A F 2K

2.1.5 PEHELEMESE KEWREC2. 1,27 mig
B o] 4 JO A v B R 23.20 g - mL X R A TR
20 pL, FESHERE 6 UK, 58T A 1 A I 1T AR A AR X A
fEMR 22 (RSD) 4 0. 8% (n =6) , HEFEE G PER 4T,
2.1.6  JEBEWZEEEER BCC2. 1027 3 A AR A
VW, FH PES JEEE U8, A Al E 55 1 ~5 mL )5
PSRBT S T & & i, 5 R RIS L8|
T H g0 AN A B A8k (RSD 24 0. 8%,
n=6) JEHXT 2T A BCA W W

2.1.7  EEMSE 2. 127 or gkl 6
B VA, e P 5 T /i p &, 45 2R
6 (IR AV P 25 R 264. 65 pg - mL T
RSD }0.8% (n=6) , EE IR,

2.1.8  FAEMESZEG B2, 127 T A g i i p e
MR, EIRCE 0.2.4.6.8.10,12 1 14 h J5, %
TR R, 14 h Py 28T A 1 00 TE ALY RSD 2
0.2% (n=7) , 45 REKH], il IS WAL =R AT
CE 14 h BEEATRE .

2.1.9  [FERLE K EE 1 mL HNIS &
20 mLEJR A, AR B A2, 1. 27 55 o g % HA i I 4%
TR SbR M RV, 4 ) T T s o A S 2 A IR
KA 2R 2.3 115,98 F1579. 92 pg (1 [ 45 %
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VWL, B IR KA B 3 o 3 Ak BE /K
REY S 2 (8] i R 25 3 51 K 98.7% | 101. 2% Fl
100. 6% (RSD =1.8% ,n =9) , i# AR K EE
FERPERESR

2.1.10  BESRETRERSRE #2117
WR J7 I AE 3 4tk HNIS (415 191110, 191211
191212) T/ H B & i, DA HErh 2515, 45
BT /AW SRS B N 243.7, 244.0,
246.5 pg - mL™',

2.2 3 RIEN

2.2.1  WENE ORERECHNS, B FEREM
FALR (W) KRB FRE (W) , 4% B4 S5 A s 150
F3H1 2020 4F fig € F [ 24 L) S 00 011 1M o5 i i
ZAbas WP SR A S I i
B R DR, $i 3 2 B PRI, TE R IRAE
W LA Sh %Ak as, 2546 1 min (e, ), [ A 5C ]
T (LA R A 40 28 | BCHEL MR A 2B v i B (
S A) B TR, R % I AR 5 %) 50% 1
25 mL, #&3% 20 min, JET, fE M HHKHERO(C,) .
TEW AR B TR HT A BT B I, I 3 5 AL 2 AR I
EDLAS , ARLEEAL O min (e, ) , 6 PR%E B B I A 25
PR UE I (B B) R R B ) D I (8
C) , 43 B T Repr K B AR TR 73 %k 50% £ %
25 mL,#& % 20 min, 33T, 73 BIE R AR R @
(C) FIB(Cy) , AL HE PRI 55 AL MR 5 B s
(W), FIRFL %0 50% 2 5K 55 AL AR T Uk O 5 %
%20 mL B, B EZE  VE AR @
(Cy)o #2117 TF J5 g2 44 A S i v P i)
BTHT &=,

HhE 27705 2024 4 8 H 55 59 B4R 15 M)



x2
Tab. 2

T B R AR KT A B B AR LB S
Respiratory simulator parameters corresponding to

different breathing pattens

Breathing Tidal volume Frequency Inhalation/ exhalation
pattern /mL /ceycles + min ~! ratio
Adult 500 15 1:1
Child 155 25 1:2
2.2.2 HARACLFE BR R H A AE A

ORISR A R LI ) 055 AL A3 i e 285X
1 ~6315, K1 SPSS 25 Geit i # 4 it A7 Kt b
AR HIIE RIS % £ 5 R, T ELBOR T ¢ K
%, P <0.05 NEFAGIHER

. C, x25 .
R = AR
1
@%4'&% Zﬁ_giiéii% th + Cz x25 /L\\ﬁ(z)
I R = Cy x 25 ~3(3)

®3 TREEME HNIS FE M HEHHE, n=3,x%s

T4 M =C, x25 nii(4)
BRI (1) = ZEEHE AR(5)
? 07 T i % R
Wz _Wl .
Blek(n) = a00n st (6)
223 BAKEEE B LA R4 B S A

HNIS 2 3 15 mL,#“2. 2. 17 IR i #/E, &k
PN A 5, 25 A [ AR R AR T 1 55 A 1
D, SR BE AR S, 3 0K R PR
PEZE 5 (P >0.05) , i3 B 0T 8 i A5k B
S AR R R IR FE , 1555 46 A 1 0 R o AR
A PR AR, Bk B R 3, AR 5 mL i Bk B AR
1, A 8K 5 A I T 5 52 B 55 A I [) AR ] 4 % o
A UL Bk BT BN BB R T K AR A A DR R 2k
WP R 5 AR B 3 mL i AT SE 5, 45 2R
W# 3,

Tab.3 Delivery data of different volumes of HNIS after atomization. n=3,x +s

V(Sample ) Delivery rate m(Total delivered) m(Total exhaled) m(Residue) t(Effective atomization) Atomization
/mL /g + min~! /g /g /g /min ratio/ %

2 53.0+4.7 222.0+5.3 116.0 3.4 96.0 +10.5 4.2+0.5 85.1+3.8

3 52.2+2.8 335.8+7.2 184.4 +8.0 145.0 +11.9 6.7+0.3 86.0+0.7

5 50.8 £2.0 506.1 +5.8 276.6 +32.2 279.7 +11.3 10.0 0.5 80.5+1.0

2.2.4  AFEGHZAEOES Rk AmnEs 20302 2. 1O EINE , 25 RS FE [RIRE A PR A
Junior BOY SX Witipfy NE-C28 FIfAER403E R4l LA AHUIREARERT R — S5 Al g it T 5250, 45 R4 bL

[l —Z5 ke OFF) (A% LC SPRINT ) , SR FH SO A

®4 HNIS RATEEHNFMENEEHE, n=3,xxs

SR A R R 25 57 AR L3R 4.

Tab.4 Delivery data of HNIS atomized by different compressors. n =3 ,x =5

Delivery rate m( Total delivered) m(Total exhaled) m( Residue) t( Effective atomization) Atomization
Compressor
/g * min~! /pg /ng /pg /min ratio/ %
NE-C28 38.9 2. 1% 353.2 £2. 8% 149.9 +£3. 7 169.7 £5. 52 9.1+0.6* 85.1+1.7%
Junior BOY SX 52.2+2.8P 335.8£7.2b 184.4 +8.0" 145.0 £11.9" 6.7 £0.30¢ 86.0 £0.72
403E 36.6 £2.9¢ 322.0=15. 1" 157.1 £7.0° 183.5 +36.6" 8.8 £1.0%° 79.7 £2.3"

T« [ — SR L At AN ) TR AL 27 B PE2E 5 B P <0. 05 (K 5 []) .

Note ; Comparison was made among the same columns, different letters indicate significant difference , P <0. 05 (identical for Fig. 5).

2.2.5  AFEZAE(F) MESER 73 5I05R A H
LC SPRINT (5 (s B 1 , 38 F T BT A
AERY R T 4 %I L B9 I I GE B ) A B LC
SPRINT Star ( £L (4 W3 W B £, 15 F T TR P I ) L
Fit LCD Filichife C B2 A4 , LR — 48 B (i B
Junior BOY SX) , % il A PRI AR 2, #2292, 2. 17 11
NIFENE , BER dr (FF) AT HRAE 3 I, 2

T LR PSRRI R— R

T E 252k 2024 4 8 5 59 5 15 )

AHLFEAT 556, PART LCD FNCH e C BS540 4% Y
1B 3 AR AN K SR B WL AR T LC SPRINT 247,
PARI LCD Zftas MRRA g C BIZ ks BT 0
JCHERS 2555 SNa AL, 25 A i fE bl DL 25 )
1 BT IR I S g AU B D iR AR bR 4y, A
Rk A AL . % T [F)— LC SPRINT Z2{k 4%,
AN R HE P F-4 e i 1 25 AL 1R BT AN [ 280
SRS R EMIE R ARV S
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£5 HNIS RATFAELEFQEHBERE. n=35ss
Tab.5 Delivery data of HNIS atomized by different nebulizers. n=3,x £

Nebulizer Delivery rate m(Total delivered) m(Total exhaled) m( Residue ) t(Effective atomization ) Atomization
/g + min~! /pg /ng /pg /min ratio/ %

Omron type C 23.3+0.7* 198.0 =1.0° - 109.3 £8.6? 8.6 +0.22 80.6+1.32
PARI LC SPRINT 52.2+2.8" 335.8+7.20 184.4 £8.0¢ 145.0 £11.9" 6.7 £0.3" 86.0+0.7%
PARI LC SPRINT Star 36.4 +0.9¢ 327.2 +6.5b¢ 178.9 +13.2° 165.9 4. 6¢ 9.0£0.1°¢ 81.9 +0.4b
PARI LCD 32.0=+1.1¢ 178.8 +1.4¢ 2.8 +0.8" 103.5 +10.3¢ 5.6 £0.2¢ 91.1+0.2%°
e~ — RIS AL A A M B , TO0k e e S R , PR LA R A2 WP e s i Ml 32 6 ~ 7 fil
Note: — — Means the exhalation data couldn’t be acquired from some nebulizers because of the limitation of structure which the exhalation filter cannot be connect to( identical
for Fig. 6 -=7).

2.2.6 ARRBEMAFLEMME 2HRM Air Kids (8485 508 75 5 L 217905, 45 R K W]
AR W00 A s dr B4R WH-2000 B % AR 3¢ B 2 (] A9 38 8 R0R A1 22 BEOR, 4R
fegs (BC I e NE-UTOOJ WU A s AR 4 1 WLk 6,

®6 HNSXAFFRBNWEMKEFNEWHEANE. n=3,xxs
Tab. 6 Delivery data of HNIS atomized by different types of nebulization device. n =3 ,x +s

) Delivery rate m(Total delivered) m(Total exhaled) m(Residue ) t(Effective atomization) Atomization
Deviee /g + min~! /g /g /g /min ratio/ %
Wo01 3.2+0.2 12.9£0.9 0.5+0.8 502.9 +54.0 4.0+0.4 32.0+5.4
WH-2000 21.2+1.8 82.7+17.6 0.8 +0.1 284.0+£32.8 3.9+0.5 75.8£2.8
NE-U100J 7.2+0.3 93.5+7.0 - 434.0£4.0 13.1+0.6 42.0+0.7
Air kids 16.5+0.6 217.2 £6.5 - 124.4 £7.1 13.1+0.8 82.2+0.5

2.2.7  JLEPFRAEN AN O AR A DO AR R AR L M SR A AR DS PRI AL AR
Junior BOY SX [R#A5 M5t (43 lC LC SPRINT F1 LB, #4272, 2. 17 TR I3k , B350 % 1k # -7
W% LC SPRINT Star 25 fbdf (B (UMEWE RN 01, 6 174845 3 U SRR, JL BB T 25 3 B ik
TEJLALE B RFIE SO ) | B A WH2000 /A RGBS EE/N 2R LK T,

RT HNSFHFILEFABEXTWEAHE, n=3,xxs
Tab.7 Delivery data of atomized HNIS in the breathing pattern of children. n=3,x +s

Device Delivery rate m(Total delivered) m(Total exhaled) m(Residue) t(Effective atomization ) Atomization
/g + min ~! /g /ng /g /min ratio/ %
PARI LC SPRINT 24.3 3.1 215.4 +10.7 273.0 +13. 1 170.0 +8.3 9.0+1.3 81.1+1.9
PARI LC SPRINT Junior 17.422.6 188.6 9.7 256.1 £8.2 211.5 4.8 11.0+1.3 75.5+1.2
WH-2000 1.5+0.9 26.3+2.6 10.6 +4.3 317.6 £29.6 - 4.5 +4. 1
Air Kids 12.7+1.3 171.9 £5.6 - 99.2+18.3 13.5+0.9 83.2+1.5
2.3 @ARAHHFESA B15 L min "' ( £5% ) K% ECHNIS 3 mL &

2.3.1 WE ¥ #2020 AERRCTP EZ ) M K E, RN ESZEMEFAKE, FL
HE M 0951 PEAT . B UCEME TILMN, B 10 min5 , SEA A R . AR 50% 2 Sy
FLU & %% ( micro-orifice collector, MOC ) 2% Jift B g WHeE N2 L B4 1 ~7 22 & MOC, I &
JEE, P AN R o 28 A A4 A L R E 3 VR, SR FH 2. 1. 17 T 8 3% A5 00 I % 45 38 467 0
fi A S s A, DL B A TR M ETHHSE,
WA RGN, B4 CRHFEFHCE 90 min % 2.3.2  Hu¥EAb¥E DL Copley Inhaler Testing Data
o Fmb s AN S EITTAEE, PR AR, Analysis BPFE(CITDA) SRR S22 3 T2 50 4 1
PE AR B LB R A R DAL R BAIDRL 150 E (fine particle dose, FPD) (4R 73
- 1420 -
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% (fine particle fraction, FPF) | Jifi i R {H 25 3.8l 1%
%42 (mass median aerodynamic diameter, MMAD ) £l
JUAATHR Al 22 ( geometric standard deviation, GSD) ,
K SPSS 25 Gt A A R AT B b B, 45 2H 52
Wai R 2 =5 Ron, I L BCR A ¢ K5,
P <0.05 k2w A5 EE Lo

2.3.3  RHZFE BRSNS 1280 At il
oy SR F 4R X % A0 #5% (A% LC SPRINT) A =X
ZAkAS (AR WoO1) Fidi 20 i N =X 55 fb % (ke 1
Air Kids) ,#%“2.3. 17 U R 7 kR IR & 2 9%
HEEARAL T & I & 5, B R AR AT AR
3, LERFW L HERINES K2,

®8 HNSRALTFAAFMKEFTMNENENTREINL, n=3,x+s
Tab. 8 Deposition data of HNIS atomized by different types of atomization devices. n =3 ,x +s

Cut-off diametre Deposition/ %
Position
/pum PARI LC SPRINT PARI LC SPRINT Junior Air Kids W001
Device - 17.4 2.7 18.7 5.3 22.7+6.1 68.0+7.3
Linduction port >14.1 2.1+0.4 1.4 £0.4 0.7 +0.1 0.1+0.0
Stage 1 >14.1 5.6+0.5 2.4+0.5 2.3+0.2 0.1+0.0
Stage 2 8.61 -14.1 10.9 +0.8 3.8+0.8 4.6 +0.5 0.2+0.1
Stage 3 5.39 -8.61 14.7 +0. 1 11.0+0.2 14.3+1.1 0.5+0.3
Stage 4 3.30-5.39 16.7 £2. 1 18.4 2.2 21.8+0.8 1.0+0.6
Stage 5 2.08 -3.30 19.6 £3.5 15.8 £0.0 11.0+0.3 0.7+0.4
Stage 6 1.36 -2.08 12.8 £2.7 9.1+0.5 3.3+0.1 0.1+0.0
Stage 7 0.98 -1.36 2.9 +0.51 3.9+0.3 0.9+0.0 -
Micro-orifice collector( MOC) <0.98 0.7+0.0 0.8+0.5 0.1+0.0 -
W - - Rk,
Note: — — Not detected
70 mLC SPRINT-Adult m LC SPRINT Junior-Child I 4009 ¢ Adult
604 = AirKids = W001 350 @ cChild .
50+ () ®
£ 40 300
% ;10 250
a 2
2 200 ‘ 8
2 s
<
& o & > > 5 © A I g 1504
I T e e 0“4& a
&c'\\ Stages 1007 . .

B2 HNSRAFTRECRBEFALEAHR —KREEHH
(NG & B R FWHRIFEIR, n=3,xxs
Fig.2 Deposition data of HNIS atomized by different types of

atomization devices in the different stages of NGI. n=3,x £

2.4 FALERE AT

SEACI AT O B 5 a2 8 AT P A i
T, g0 RIS 26 FTTARSE L, X HNIS 74 [F]
HE EF AR (K3 ~4) &1 3
IR B R /INR R A AR BT 4 =3 [5 elR
/NFEZR MMAD R/, 45 SR WA [R) 25 B 14 25 A 2k
RAEHK

3 it
3.1 EREAFLEED KRR

H Rl AR & i 55 AL AR & AT 23 S 55 1t
%5 (jet nebulizers ) | #8 7 2% fk 8 (ultrasonic nebu-
lizers ) FIHR BN 75 FL5E {1k 2% ( mesh nebulizers)3 Fji'")

R 27 s 2024 1 8 J1 55 59 0 15 11

50

2
()_:1!
0

10 20 30 40 50 60
Delivery rate/pg-min!
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