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Effects of Three Bioretention Configurations on Dissolved Nitrogen Removal

from Urban Stormwater

LI Li-qing' , HU Nan', LIU Yu-qing', TU Sheng-liang' , CHEN Hua-chao’

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 2. Hubei Academy of Forestry, Wuhan
430075, China)

Abstract: Multiple chemical forms of nitrogen in urban storm water make its management challenging. Three types of bioretention
systems were constructed in 2015 with loamy sand as filter media, including a conventional freely drained bioretention (CB), a
modified bioretetion incorporated a submerged zone ( MB1), and a modified bioretention incorporating a submerged zone with
woodchips addition (MB2). This study investigated the role of vegetation, the use of submerged zone and carbon addition in achieving
co-optimized dissolved nitrogen removal in bioretention systems. Twelve bioretention columns were monitored over a 12-month period of
dosing with synthetic storm water under varying hydrology and nitrogen loading rates. All the studied bioretention systems could achieve
very good ammonia removal (more than 95% ) at an average inflow ammonia concentration of (5.45 £2.21) mg-L~'. The filter media
sorption, nitrification and plants uptake were the main removal pathways for incoming ammonia. The effluent nitrate concentrations of
the CB, MBI and MB2 were (4.04 +2.64)mg-L™" (31.3% ), (0.84 £1.18) mg-L™" (85.7% ), and (0.26 +0.48) mg-L""
(95.6% ), respectively, at the average inflow nitrate concentration of (5.88 +2.32) mg-L™". The use of the native species P.
alopecuroides, a submerged zone and woodchips addition could effectively decrease the effluent nitrate concentration, reduce the
washout and achieve high nitrate removal. Both plants uptake and denitrification were the two major pathways for removal of inflow
nitrate. Inflow magnitude, antecedent dry days and inflow nitrate concentration were the main factors influencing the effluent nitrate
concentrations for the three bioretention systems. The results highlighted that the bioretention design of the native species P.
alopecuroides incorporated a submerged zone with 10% woodchips addition could consistently and effectively remove storm water nitrate
under hydrological regime and nitrogen loading rates.

Key words : bioretention; Pennisetum alopecuroides; submerged zones; dissolved nitrogen; hydrological regime of surface runoff
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Fig. 1 Schematic diagram of the bioretention columns
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Table 1  Physical and chemical properties of soil-sand mixtures

used to construct test bioretention systems

5 wewsw (SOER
LU TRl

WL/ % 96. 6 29.4 +2.34 79.8

WAL % — 59.7+2.4 14.9

b/ % — 10.9 £0. 06 2.7
ZH/g-cm? 1.58 1.29 1.74
I AIS K/ mm-h ! — — 180 +2.8
pH 7.44+0.22 6.52+0.07 6.71 0.01
EC/uS+em ™! 24.8+1.6 79.6+5.8  89.8%6.7
OM/% — 1.1 0.28
TN/mg-kg -1 — 200 50
TP/mg-kg ' 161.5 323.1 201.9
Si/% 38.6 31.6 36.9
AV/% 6.67 9.71 7.43
Fe/% 0.50 3.83 1.34
Mg/ % 0.08 0.56 0.20
Ca/% 0.46 0.24 0.41
Na/% 1.31 0.36 1.07
K/% 3.12 1.64 2.75

Wi (CB) | ol A= Py i B 5 AR R T A I i YR
(MB1) 1 A= Wy ¥ BA 15 AR R AT I 4% o i Y
(MB2)iX 4 ~Ab3 B HR S 3 D EE (R
2). AW BRI B R AR e L SR R 2
45 cm HAY 15 em HIEJR[10 em WEP . 5 em BR A
(HA20.6 cm) ], fHEKZ 30 em BRI A (AR 1.6
em). HOFIHE BB E R 45 om, IR AR (B4R
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1.6 em, 10% , KBLE) Sy (11 1), 3 F/E B0 R
RN R AR 3 Bkt G 2 - (DR
SERRRFIRE(CK) 5 {50 Yy B 0 AL R R
HEH (CB) , @)F G A iy 54 8 5 o A A

(WL B L A AN BRI (MB1 ) 15 8t
A=Wyt B AR AT T A IR IR (MB2 ). RHAR
Ay AP S A | BRI S | A
WINBRIA ST, 0 MR | BEE MR A S BNk

(CB) Sk Wy B8 R B AR AN A NG IR (MB1), IR TT M AR TN, -NAINO, -N L BRAYFZ .
R2 EYHEELNERTERE
Table 2 Bioretention column design configuration

i k-2 901} ) M 0 3l

XJHREH CK 45 cm YD x J x
TG A= i # CB 45 cm HEb SRR s 7t
WA i B MBL 45 cm HERD KRR 45 em HANHF x
Ak A Wy B MB2 45 cm HEwb E e 45 cm HLATH BAY 10% (EFRLL)

1.2 BT R S ksl

R P [T A SHEL TR 388 T AN 275 7K b A28 AL 7K B ) e
SEAER(F ) SR E N (NH, -NFI
NO; -N) fil P(PO}-P). HEHUM T HIRAEH N, P #
FEBT T 3 AR (32 3) R T5 Gk PARR TR
BRI RAR TS Y 25 YR . 25 SRR T Hb 5%

IV Y i) 25 26 S L) K A Wity R Rt i FH T Ab B
Wb RAR G, XF 07 455 Qe K SF. 38R T W5
A Wyt B AN )G B R AR N, P R BRBILE] , R
T T3, BT R AR TR HIHCE 24 h
H kK, 38 5 B om 4y 46 NH,C1, KNO, #il KH, PO,
IRENBIHAY N, Pk,

®3 HAFTHRERKREELRERARIEIT

Table 3 Typical urban storm water qualit

y and synthetic storm water inflow characteristics

YiNDiE Egan LIRS T AR O PRI T 1 A% O S
/mg-1.”"! H) Gil/N i 7353 ik B VR -
TN 11.58 £8.31 6.02 +1.60 7.74 +5.34 6.0 12.0 18.0
DN 3.51 £3.20 — — 6.0 12.0 18.0
NH, -N 1.45+1.11 2.77 +1.33 4.85+4.56 3.0 6.0 9.0 NH, C1
NO; -N 1.82+2.33 1.62 +0.60 — 3.0 6.0 9.0 KNO,
TP 1.28 +1.03 0.61 +0.45 0.57 +0.44 0.50 1.0 1.5
PO~ -P 0.15 +0.22 — — 0.50 1.0 1.5 KH, PO,
N: P 8.9 10.0 13.6 12 12 12
W T K E SRR RS ZRIVIE, B 9~11 AFFRIERKE . SRHIERR R 19

FRRIE. aRBUE T A Ktk 2 WU X, 248
AR L 344 mm.  H BN ARERIE R 40% 1Y
FEFR A <7.5 mm, 60% [ R B9 FE T F1F < 15.0
mm ,80% FFEF 1 <22. 5 mm. VLA Wi B 150 it
TR AN 3 K b 2 AR Y 10% 38, AR R4
EfT KB 3 K- .5 10 #1015 L, 43 5%
7.5, 15.0 F122.5 mm FEM A, 0] 50K AR
FeXh A= s B8 2 BRNH, -NFINO, -NgF2 . 55 SMR
PRI H B =5. 0 mm [ R 3514 19 S8 25 8] B s
28 6 d,2 YA 17 (8] B8 B ] 3 1 T 3 A4Sk,
3,6, 12d, MEZEE 2 R BEM E] FRAS ] TR a8
Xof AE W B8 22 BRNH, -NFINO, -NAY S0 .

2015 4 6 H AWy B A A M EA Y Z 5
J1 W5 L HRK—IRPEBEHE. 2015 427 ~8 A
BT H S LAK N, Py BRI T Hh #6428 3 —
UWHEGEHE. ¥58 2 A MYZ#iK S , 78 2015 4F

GYHZHET 9 WikE (£ 4), BT HK NP I
JE | RIS RE, KK R4S 3 KT, 3 FrA i
5%} HE b X NH, -N FINO, -N £ R Ag 2. 2015
12 AR RS S R Y 2R T TR
2016 4F 3 AFHYR 5, #:47 T 58 K5, Rl FE
RIEE 3 947 T 9 YRz 17 Wi

2015 ~2016 4EXF 3 Fh A Py i B it 5 0 i3k
BTN 18 K. B U0 8 17 0 T R B A i
IKITE R — R DR RE | ) I SR AR R AKOK R, F 7GR
55 53 SR BB T A Hh K, e 7K i TR AT R
21 ANKEE BRI YSI (#5350 2 B H0K AL
(ProPlus) #ll5E pH ., EC . %% (DO) 4 bid )5
{7 (ORP). SREE R KAEIZ IS5, IR AR S5 g K
FECO.45 wm) 43 510 5E TN FI TP, 5o 3 /K B 52
NH, -N. NO; -N,NO, -N, PO -P, ¥4 B Sk [ 20 ]
W 7E .
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Table 4  Bioretention experimental design
A ‘ — iR e -
KN P mg L IS K/ d
1 1 (NH; -N, 3.0), (NO; -N,3.0) ., (PO}-P, 0.5) 3 5
2 1 6 10
3 1 12 15
4 2(NH; -N, 6.0) ., (NO; -N,6.0) , (PO3-P, 1.0) 3 10
5 2 15
6 2 12 5
7 3(NH/ -N, 9.0) ., (NO; -N,9.0) , (PO3-P, 1.5) 3 15
8 3 5
9 3 12 10

1.3 Hdmabag

FIH Origin 8.5 5 SPSS 21. 0 X444 A Ab B
KT 2850 BB, 23 B A= ) vis B A [) b B 22 ) %of
KK B 4 22 5 (P =0.05) , 43 B A= Wy il B4 ik
IR | BRI, 7K BT AR ARt H /K K S5 g 52 e ( P
=0.01,P =0.05) ,JF# T2 EILE (P =0.05).

2015 ~2016 55 W [H) A= iy B 2Rk | HIK SRR
i (L, . L,,) (mg) THHEAXITRIEN.

a
L, = Zcin,i X Vin,i
i=1

Lout = Zcout,i X Vnut,i
i=1
ey, e, 200 R AR W B 5 REK L HE K
?%;j%%mg(mg'L_l ) ’ I/in,i$l:l Voul,iﬁ%uy\jé'z%:ﬁ%’%j
55 WK KK (L), a MR EE AR 22 1T I
MY HE (18 ). % ) 18] XF kK N 25 B R
(LR, % ) IR AKEILN
LR = (1 _%)x 100%

in

2 HRESH

2.1 AW R TR E X 2K NH, -NAINO, -N&
Bk 1 52

K KE S ~15 L A4 RE F, CK, CB,
MB1, MB2 “FX ik &5l 7.2, 6.7, 7.1
7. 2L, K B E DR AR 27. 8% | 32.6% | 28.7%
F128.4% (F5). LW AMIEMEY (CB) 5% |
(CK) AH FEA R K s 42 1 38 5% |, 3 it Fnady i it
(MB1 I MB2) 5 CB #f b /> /K = 35 % 4% ~
5% . Wi B A 78 R MZE IS T s 30% K A
IR RN AT B T AN 2 5 35 a2 X K o ) 42 1 T RE (P
>0.05).

18 AL % CK, CB, MB1, MB2 #tK | if}

JK TN, DN, NH; -N. NO; -N, EC, DO, ORP #I pH
CEA SR LS. A UEOK NH -N ¥ S (N
(5.45 £2.21) mg-L™" 5 &% F, CK, CB, MB1 H1
MB2 Hi 7K NH, -N % B f F 35 {5 43 51 8 (0. 06 +
0.02) . (0.08 £0.02) . (0.08 +0.08) #1(0.18 +
0.16) mg-L~' CK, CB, MBIl , MB2 Xf £ /K NH, -N
WEA BENEBEER (P <0.05) , ZBRF059 N
99.1% . 98.5% . 99. 1% F197. 4% . 5% #(CK)H
L, A= BA AR 2SR 2 BT (CB) 5 3B RN
(MBI1) R4 ENH, -NEFR (P >0.05). R4
A= R U AR RN A S IR YR (MB2) 5 1k
FHF ARG BRI (MB1) A1 L, 4 Hi K NH, -N e B T
0. 10 mg-L™' HARR (P >0.05) , B4R L
X TN (L BRVEH.

HEIK NOJ -N ¥ B (0 - 24 18 K (5. 88 +2.32)
mg-L~"&EWF, CK, CB, MBI #11 MB2 {{/KNO; -N
WP B2 43 50 4 (10.27 +£3.16) . (4.04 +
2.64), (0.84 £1.18) FI(0.26 +0.48 ) mg-L~", 4
NEEBRR DB - 74.7% . 31.3% . 85.7% i
95.6% . [FIX}HR CK #H Hb, A= 4 B8 FRAE AR ) (CB)
AL A K NO, -NYR B, DA NO, -N IR 4 i
BESARFIHE A ANBRIE (MB1) 7] {2 FEAK 1 /K NO, -N
VR HERINO, -N R BRR, 3B A I 78 sk 5
(MB2) AT E— BB KNO, -NYeJEE | NO, -NERRF
PERT 9. 9% . 3 AWy B BRI 5 TR e IR
FFEE K DO, ORP 5 pH( WL 5).

2.2 AW B kKK S, JK B AE AL NH, -N Al
NO; -NZ BR i 52 e

HEAK T KSR (K (R FRR ) X 3 F
Wit A Y H 5 X Il K TN, DN, NH, -N,
NO; -N¥& B 52 W () J5 22 0 A 45 SR WL 3% 6. i K
NH," -N B AR b T CK H K NH, -NUe B 7778 ik 2 5
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W (P <0.05) , Mgk /K75 E PR KB 724k %F CK 0.05). #E/KNH, -N#REEAS X MB2 7K NH, -N¥
WK NH, N W EERA W (P >0.05). #EK  FEEERAEW(P>0.05), Mk KK E S K H A
NH, N BE | HEKoK &, BB RECAE Wi cB fbxd MB2 7K NH, -N ¥k B 77 78 8 35 %2 i (P <
FI MBI 17K NH -NW BERAEAE B & (p > 0.05).

£5 3 FEMEEIGITSIBRITHANH -NFINO; -NEHERBRERD (n=18)

Table 5  Average stormwater inflow and outflow nitrogen concentrations and removal rates for the three bioretention treatments and control

iH K CcK CB MB1 MB2

KE/L 10.0 +4.2° 7.2 £4.1(28% )" 6.7+4.2(33% )" 7.1+4.2(29% )" 7.2+4.2(28%)"
TN/ mg-L~! 12.46 £5.00° 11.87 4. 11 (4.7%)*  4.68 £3.28(62.4% )" 1.20 +1.48(90.4% )¢ 0.91 0. 68(92.7% )¢
DN/ mg-L"! 11.97 +4.85*  11.23 +3.77(6.2% )"  4.40 +3.09(63.2% )" 1.02+1.37(91.5% )¢ 0.52£0.63(95.7%)°
NH; -N/ mg-L~" 5.45£2.21*  0.06+0.02(99.1% )" 0.08 £0.02(98.5% )" 0.08 £0.08(99.1% )>  0.18 £0.16(97.4% )*
NO; -N/ mg-1.~! 5.88 £2.32% 10.27 £3.16( -74.7% )"  4.04 +2.64(31.3)° 0.84 +1.18(85.7% )¢  0.26 £0.48(95.6% )¢
EC/pS+em™! 370.7 +62.7 389.2 +£76.3 387 £60. 3 488.4 £90.5 504.9 +93.8
DO/ mg-L~! 7.25 £0. 66 7.3 +1.05 7.08 £1.24 1.72 +1.31 1.15 +0.31
ORP/mV 174.0 £36.2 175.7 £47.6 208.6 +40.9 120.4 £85.8 ~138.5 +41.2
pH 7.66 +0. 11 7.93 +0. 14 7.64 +0. 17 7.30 +0. 08 6.93 0. 11

1) CK X B A FR FE BT ; CB : JERD R AR FE 70 s MBI SERD RIAEAR 2 70 315 AR RIS s MB2 - SERD AL R R 1015 80 40 1Al I 88 I sk UL 5 AN [l /1y
5P AR R 4L B A 22 52 P W3 (P <0. 05) 48 5 MR Ig R BR R

HEKNO, -NUR BEARfE X CK H7KNO, -NHe B A7 F6 Kok, KRTAI 3 MiGiTEYF B SR E K
TERL S (P < 0. 01 ), T ik 7K U7 k15 ) s K4 NHJ N, NOS -NRERIBHEIM (1)

Table 6  F values from co-variance (ANCOVA) analysis

EQ/E ﬁﬁ Xﬂ_ cK HJI 7"( NO; -N m g ‘]& ﬁ 52 l]rﬁj ( P> of total nitrogen (TN) , ammonium, and nilrate concentrations
0.05 ) . ﬁﬂ(NO; ‘N%%E N iﬂ:.7k7k§%n I‘Eﬂ B%%ﬁxﬂ‘ 3 in effluent in relation to inflow nitrogen concentration,
ﬁﬁz%z% E‘g&i‘f‘ CB. MB1 ., MB2 i@ﬁﬁﬁ%gj*&ﬁ inflow volume and antecedent dry days in the
%?z ﬂrH], EE ,[Jf[: ﬂ ij‘é Eya , i}]ji Tﬁ ﬂ"_:', Z:‘EZJZ: ?}tlf, NO}— N ‘Z{E E . l\ three bioretention and control treatments
N " y " : T NH; N NO; -N
ESCVAPN NUICER SF T 1R R LU —— R n 3
(CB, MBI, MB2) i /kKNO; -NEZEFE. 55T VOKIEE  44.00% 50287 3980 2012
HOKNO; NURIEFUK SO 3 BRI (CB, FRRE L& 235 Lo LI
IKSCEARRT CB R K MBL, MB2, 8 sgokir 35.66 32,24 0.89 35,66
B R 150 5 RS I P 40 A i B X NO; -N FIRERE  9.54™ 9.59* 1.42 6.42"
A i 052 Y gk 40.39* 32.42% 0.14 40. 58 **
L - o
2 ik — 20 R T K NO; N | [A] s K PRV 976" 10.80™ 2.45 10.80 "
B, B ER R SEXT 3 Fh A Y B8 (CB, MBI, HRREC 552 5.4 .23 4.85°
MB2) il CK tH/KNO; -NIKEEHIIRES:. b e, PRI 2t s eer 0w 45
W HEKNO, -N e JEE APE AR B N, HiZKNOS -N B 3.08 5.45" 0.73 3.93"
W E B RGBT MR B OR B 2 S CB Y K FIRRE 554" 4.06" 392" 3.93"

NO; -N¥#f iy 3= B £, %t F MBL, M 7 ik K i&7kiﬁ§ 5.01° 4.89° A 5.60° 5.24"
NO, -NESHRFE RS T | kN0 N, i 1] 1) #x FoREFWBE (P <0.01), * FRZERBE(P<0.05)

B AR 3G 0, 8 2 FRAR HE KNO, -NYR B, R KOK i CB . 155 1 A MB1 I 5 4R R4 I VS Bk U6
3 AVKTREHURNOS -NIRBERFEAE R ESTE T MBS BRNO; -N F35 17 1 kU8
MB2, BE# JEKNO, -NYRBEHEAN, tH/KNO, -NYREEAR 2.3 A= Wil 89 6FNH, -NFINO, -N 67 77 110 osk 5 2
FRHEI AR AN AFTE W3 25 5. KB PRRR RECE  w

Jin, AT MB2 HIZKNOS -N¥R . BEAROK & 3 K KT REET BRI (18 U)X I CK 5 3
SR MB2 X KNOS -NHRBERY 22 5% N . 76 ARWiE R (CB. MB1, MB2) E i, /K TN, DN,
SR RARTKSC RS OL T, PR AL NH, -NHINO; -N¥ & | fafir A K iR, RBLEK
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180 L,CK . CB, MB1 . MB2 %7K & (111U 20 1 Ky
27.8% . 32.6% . 28.7% . 28.4% , F At AT ¥y ¥ fin
5% 7K Fa HIk , 15 AR AN A DD 5% /K . B
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FRFEBENH, -N, {H & NO, -N 7776 ik i S ) IR

X TN G far HIECR S AR LB R 27. 8% . 7] CK AL,
FRREFEY) CB /0 T NOS -NI#KIE, NO; -N17 fif
2 B A 3 42.3% , TN 1 faf 25 B S 186 &
68. 0% . FivHE A 430 1o A4 R ALl AR P i o T ol
L R AN = K Al I N\ i 1| B o o
36.3% . M4 O E RN N B IR JE MB1 5
CB AH G, B EAR AT ] 3 2 R XENO, N7 faf 25 B
(88.8% ), & B AN A A IF G A W A Ak,
NO; NG 255 R 46% . A& Wi B 150 B it FnAify
WS INAsIE MB2 5 AU Ik IR MB1 AH LE, A U5 45 fin
A ALHE & T NO, -N f g 25 BR R 6.7% , {H &
NO; -NH /K EEM 0. 92 mg-L~" (MBI ) i EEKZE
0.39 mg- L~ (MB2) , % Il i 44 m 7 1 Ry
AV RASARRE ST 53 A= Wy BR A RNl R ik
TV W 38 It K NH, -N AU, AR F A5 i
TN A faf ) 2B

3 g

ARHIF AR E DU T AR TS Yok S K
AR, 25 E b b A=Wy B e w5 R bt
FEME R TT T 3 ALY A s B Rt AE EIKOK
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T AN LA IR 56T S T b e A2 7 VA i N
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Ry ek 908 i oA SR T B 2 75 % TR 5 259 214 Ml +- 3
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Table 7 Comparison of the influent and effluent water quality and pollutant mass loads for the three bioretention treatments
WiH HREEHRE  ZWIEAKCPRE/mg- L' L, L/ mg LR 6 LR/ %
/mg-L"! CK CB MB1  MB2 /mg CK CB MBI  MB2 CK CB MB1 MB2
JKE/L — — — — — 180.0 130.0 121.3 128.4 128.9 27.8 32.6 28.7 28.4
TN 12.50 11.82 594 1.35 1.03 2250.5 1537.2 720.9 173.7 133.4 31.7 68.0 92.3 9.1
DN 12.01 11.01 5.54 1.13 0.66 2162.5 1431.3 671.9 144.6 85.7 33.8 68.9 93.3 96.0
NH, -N 5.46 0.05 0.08 0.09 0.17 982.7 7.1 9.2 11.8 22.0 99.3 99.1 98.8 97.8
NO; -N 5.86 10.13  5.02 0.92 0.39 1054.9 1316.7 608.8 118.1 49.8 -24.8 42.3 88.8 95.3
Prs i R Y A S R E R (CB) MR RER LR E TR TN B H . AR X

XFNO; -NZBRAE A 4 w5 7 B 32 KUk B 5 KoK
BRI, T LUHA 8 R BRNO, N 138 P A R Y.

YA W Vi BE R 25 R AR B2 BRI R A RN A
(MB1) A i#F— 20 W 2 AR K NO, -NA MR . HRLFN
GHEIURS ) | N i 11 R B = S
(ORP =120.4 mV +85.8 mV) , {28 T A1
SR . RI(E & A a8 e U8, o mT LA 3% 2 bR
NO; -N, 1] BB FR B R A AR R 20 i 9 il I NO, -N
(1 Bl = 40 I P 4 — s A e U0 (HL 2 K
NO; -NWJE | #E/K K& T, [A]BE R A8 i, A= 4
{ili B MB1 XfNO; -NZ B HIAT BT REAR (181 2) , nT BE
S ACEEAR P At ) B AT B, AN BE 5T 4 IR NO, -N
e BAar I B 0 S X i Y ) 75 2K

A i B PR B R R R R A R AN [ B
WA 10% 5 (MB2) 5 MB1 A L, J& 48 78 #F 7K
NO,; -Nfi . Hrffar i FXFNO, -NZBRAE FH LA A
M {H & FE #E K NO; -N & o i O T, MB2 X
NO; -NZ=BRAVEFE T MB1. A=y B8 B 1 [
B IS TR, ASANCEE I T 7K 452 B8 s ] i EL ] SRy
A YIRS AR BE T R AR TR, AR L (7 ORP
K =138.5 +41.2)mV T LLA H, I I0AR 54 1 Al
i AR ) RS AR SIS, A= )ity B8 T i
G A NERIE (MB2) 7K pH {H5 6.93 £0. 11, 11
BALTFT AT (MB1) H7K pH(7.30 £0.08).
FARTAE Y A AR 2548 pH B+, (B2 7
(ISR (R AR ) AR fife = A= BRI R 2 7K pH FEAIR IR
FEJFEHA P B IR 10% A B3 i oK i e A
(R AT ML T oA A 0 S i A i 8 e 2 ) ik
P, S HhRFE MBL T MB2 H7KNH, -N#RBE | A
U5 A B A 0 R K NH, N B T 7K
KA LA (PON) UM (A TN 5 tE A DN
Z2)(FR6). AT U6 A W i B N Al S
10% AR BEAT LA 785316 J2 1l A P A Ak A a8 2
FRNO, -NXFs U A9 75 5K, SO 2 B 34 it 7K TN

25 AR A 8 3 AT R A5 1 R 3 ot
YIRS A X ST e A% RV M Pk N 25 B 1 Bk
HE— 25 R BB 5 2 1 (0 PR A T IRAIE .

(B A0 S 7E KK ST, 7K 5 A8 1k 19 1 Bl
T AHI T BET B i AN 0 A e RS R R
FEINBRIR A4 A i B3 X TN FINO, -N R JEE 5 7 fuf
(R EBRYIAR] T 85% LA b, AL T4 Wy i v i 41
Wi B 58 X TN A1 NO, -N 3 2 B 45 5 (30%  ~
60% )22 i Hoth T 2 8w R A
SR ORR 22 S — T T R T AR ST R T AR
AP, &b R A 0T, 55— I R 2
P Z0UAR 2 3 1 SRR R | 8% B8 Al LA B
TR A PR EIAE . BRASIF 5T B A0 A i R
ST b AR T IR e N Z2BR (045 SR AE R T80
TERYIE B T ASRE B4 RIS se B h  (H 2B W)
i B S RS E X NH, -NFINO, -N 8 25 B AR 5 4
X 25 5, O SE PR T A R 2 B 3 T b R AR I I
PE N A A Py B8 SR AL SR 2 KA.

4 it

(1) FEHZKNH, -NUe FE P34 {H 0 (5. 45 £2.21)
mg- L™ HOUT,3 P TF 0 4 3 B8 K NH, -N YR
B M8 43 510 (0. 08 +0.02) | (0. 08 +0. 08 ) #
(0.18 £0.16) mg-L™" XFNH, -N¥J EHA I 3 hY 2=
BRAE T, 22535 0 9 M 98.5% | 99. 1% 1 97. 4% .
HEAKIK ST, IR BRAR AN M A= P s B 6ENH, -N 25 B
YEF. SRR | Ak A A W SO 2B i B A AL
LR L RAR TN, -NAY F IR 1E.

(2) TEFE/KNO, -NVRFE P 24{H 2 (5. 88 £2.32)
mg- L™ HOUT,3 Bk T iy A W B /K NO, -N YR
JEREIIE S 5 (4. 04 £2.64) . (0.84 =1.18) Al
(0.26 +0.48) mg-L™" M ZBRFS 51K 31.3% |
85.7% F195. 6% . LW A SR B | WE
TRLRNAT LA K IS IR Y5 X5 1T 38 3 B I HH /K NOy -N ik
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