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ABSTRACT

In Taiwan, three-stage wastewater treatment system is widely used in farm
management to purify livestock wastewater before discharged into the rivers. However,
discharged water usually do not fit the standard of Taiwan pollution policy implemented
recently, which is caused by improper operation of treatment system, antique equipment
or environment change.For protecting environment and avoiding punishment, planting
aquatic plants in three-stage wastewater treatment system to remove excessive nutrients
is an inexpensive method which could make up for the shortage of the treatment system
and improve the environment.

In this study, Myriophyllum verticillatum was taken as a research subject because
it not only grows rapidly but also owns high purify ability and the tolerance of polluted
water. The experiments were conducted to study the purify ability of Myriophyllum
verticillatum. Various nutrients’ concentrations of water were poured into plastic
containers with Myriophyllum verticillatum. Recorded the variations of nutrients’
concentrations regularly to estimate the purify ability.

According to the result, Myriophyllum verticillatum could remove 191.54 to
542.17 mg ammonium and 7.18 to 39.76 mg total phosphorus per kilogram per day .
Myriophyllum verticillatum would be planted at appropriate tanks of three-stage
wastewater treatment system to reduce the load of treatment system and improve the

quality of discharged water.

Keywords : aquatic plants, water purification, Myriophyllum verticillatum, livestock
wastewater, nutrient absorption
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FEAKBR LA Bk o EF 2 BN BRCORAIE kALY SRF B RS %
FE gk diinok - 2019.03.14 B~k K ok NHs kB % 5 195ppm 5 2019.04.19 #¢
gk Rk NHs'E R 4 5 144ppm : 2019.04.26 4B~k ki -k NH3'E R 4
143ppm ; 2019.05.23 #x B~k -k o -k NHs )k & 5 156ppm

NHs"E & # Bl & 144~195ppm 2 [ - & Mg 1 L8R Bl % AIAT] = B35 Aok
FedB % B2l R R AU T fh 541.5ppm o 4Rl E_5 < # L kAR REE 2 - B
ﬁ%ﬁ’flﬁ&ﬁjﬁﬁ%ﬁﬁﬁﬁ%%ﬁo&$1%mmﬁﬁﬁg¢@§$
BB E ST 2 3 ehde B kR 210ppm(ElE 4 > 2017) > & ERE L AP %
1% kR 2ddh o ¥ ¢ > 2019.03.14 F Ak ROk P> - R R F R 9 NHs'
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BIPR R 2§ R o B 10mL KRR~ AR S 0 T R R RR S A R B e E T
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KRz g B o K TR R R KRR > I AR P FETE o
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& +0.01pH -
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K TR CRRRIERE K FES A F AT Ik BET A
T E SRR L2 B R GRRE RIER o R R B 1SR RIEE 2 AT K
oo Bk NEgr o REE P R oo fﬁ;ﬁljgf‘a[ﬁl 0.00u~+2000ms/cm ; %
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» H A5 5 U-3000 - 3% %

N

AF R s KRR Ed Hitachi 2 7 #72 &
LR R U R A T kR e PR o B KL
B U AR B A A G BRI ] W s Ak R R TR o )

£ qaa & 190~900 nm -

21

doi:10.6342/NTU201902842



M 3.3.1 % 5% % E W
L ASRIfBEBAF CAHpHY Di¥TAF ESRI Firds Girkkni
2. AFREFAMTUPPASIALP2ZF 22 G REFAME T 2%
22

doi:10.6342/NTU201902842



34 RE%Z
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h BT ke sk ok Rk Ao BRI RIS Ak e A R Ak R
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75um hEREE AT ~ 2 ok ? 12 § 3 100mL 0 B~ @ iE R AR o RRIRIR
Wil F R frEiRP A ROF R LA FRATRBER  NFEHAATTEARER
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356 4 it3Z 5 £(BOD)

\\\?{Ir

Fokv 42§ £ (NIEAWS1054B) 5 -k $4c » BOD sgx 12
PR AR > 113 § 34 (DO200A) £ 7l -k 4% > #] 183 § £ D1 £ifl= & ek 1
KL L~ RS % MY 5% cEERFHERIII G20 C 5= 1
£l Eoktkizy 2o RIFRF 2 Do DLID2* R Ty RFAFFE
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Fl-k Pl 5 L F 4k » R RS BR300 AR R ~ § LT R

EE AR S LML B f B 24 L R RSB -

357 i+& 23 §(COD)
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FHHR 23 F ¢ > 2 ¥ 4B 2.0mL ¢h3 B3 k4 » COD BFH HR 2324 ¢ 7%
5o o ﬁ;”f;é"g FAHERIoIng 4 BEF L 150C )t 2/ prosein

oo EREAIT R0 ¢ H(DRI00)E (TR E R EZF £ =5 ppme
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4 ++(DRO00)it (7Rl & A pe @ » ¥ i~ 5 ppm

3.5.9 A paE (NO2-N)
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Al4v » 10mL 3 6 3 B Rk iRt > HE B EF 20 4m 0 £ U

(DRO00):& {7 ip| & REF LA pe  » 5 =5 ppm o

35.10 % # (NHs-N)
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BEF20 44 0 £ 0 F 2H(DR00)E iR & R84 § » Hix=% ppm-e
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\\\Xr

ok R 2 A kKRR 4 F f 2 (NIEAWA27 53B) > B4k

# 50mML 4c » 0.4Q BFife4sts > MR RRERER T AN CEIAT Y 10mL

R o G T B RARA Frts 0 M F R IRMORIRA D pHT 202 £ % 2 &
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g 12k k B 3 (U-3000)3 L £ 880 nm g Bk R 0 T d e E R LTk

B H 5 ppme
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e 1&(C)iR B
28°C (59ppm) 50. 1+1.3 46. 05+1. 4 37.9841.5 33.12+0. 6
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H (208ppm) | e | e | memeem ) e
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4 s8ppm) | - | - |
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o | AL 70.38+40.1 | 13.6 | 17.6 | 8.6 | 17.8 | 50.8244.5
|| | Z
X | % a | | oo B - | T
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42 HFBEFRT
2421 %~ MOREARERL F ROk EFREF RN
iR RAR AR IR AR 1 B EFED)
ARRE #08 (t0) #£78 (t1) #148 (t2) 218 (t3)
& (AR E
A (208ppm) 10. 9441. 2 7.7144. 6 5.33+2. 3 2.2240. 3
3 Y ¢ (B)ig &
7k i (102ppm) 20. 4244. 1 19. 31+2. 9 14. 3543 9.340.5
e 1&(C)iR B
28°C (59ppm) 23. 3643 19. 97+2. 2 12. 7245. 3 11. 8346. 8
E3 & (AR E
H (208ppm) | e | e | memeem ) e
# ¥ (B)ig A&
7 102opm) | -—7"—— ] -—-— |  —_— |
=] 1&(C)iR &
4 a9y | - | - | -
& (AR E
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431 H A
%4311 % - MRE=ZfERZ F AR g R
JiERAR AR IR B AR & & (NTU)
AREE %08 (10) | £78GD | H148(2) | %218 (t3)
% (AR E 1911. 67+ 3863. 33+ 6793. 33+
Zih (208ppm) 6500 789. 6 1778. 6 2075. 9
7] ¢ (B)ig &
2 4 (102ppm) 685 80. 77+4 | 256.33+40.9 |134.33+20.4
7K 1&(C)iR &
B (59ppm) 504 74.2+46.2 |109.73+26.5 | 120+14.4
28°C & % (AR E
H (208ppm) 6500 1165 2470 6130
7] ¢ (B)ig &
7% (102ppm) 685 325 291 115
=} &(C)iR &
4 (59ppm) 504 62.9 75. 4 122
% (AR E 1055. 67+
H (195ppm) 1030 998439 117.9 581437. 7
7] ¢ (B)ig &
4 (103ppm) 998 871.67+79.7] 1085+15  [707.33+77.9
& &(C)iR &
X (58ppm) 1100 1033+77 | 972.5+11.5 | 5554119.5
e # & (AR E
20°C M (195ppm) 1030 441 406 706
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=} &(C)iR &
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432 pekkiE

#4321 % ~ Mo REZRBERE F R RZES S S flak BRI

JE KA AR IR IARAE B i R
ARRE #£08 (t0) | #7178 (D) | Fl48(t2) | £218(13)
& (AR E
7zl (208ppm) 6. 70 7.0640. 06 6. 9540. 06 6. 96+0. 06
4 ¥ (B)ig &
Z £ (102ppm) 7.35 7.3940. 28 7.2640. 25 7.2940. 15
7K 1&(C)iR &
e (59ppm) 7.26 7.5540. 14 7.1640. 17 7.1840. 25
28°C 3 & (AR E
7zl (208ppm) 6.70 7.02 6.86 7.02
4 ¥ (B)ig &
7 (102ppm) 7.35 7.81 7.50 7.52
= 1&(C)iR &
£ (59ppm) 7.26 7.64 7.35 7.16
& (AR E
7zl (195ppm) 6.30 7.45%0. 2 8.44+0. 06 8.21+0. 04
4 ¥ (B)ig &
4 (103ppm) 6.29 7.17+0 8.17+0. 04 8.07+0. 04
{59 1&(C)iR &
7% (58ppm) 6.51 7.0440. 1 7.7740. 06 7.68+0
4 S & (AR E
20°C 7i:1 (195ppm) 6.3 7.13 8.50 8.38
4 ¥ (B)ig &
7 (103ppm) 6.29 7.24 8.10 7.98
= 1&(C)iR &
A (58ppm) 6.51 7.05 8.15 7.98
i
B A 7.6540. 06 7.6840. 06 7.7240.13
5 & |/ ZE
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& | A o SR
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S
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433 (TR
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JEKAR AR IE AR 5 E FE (uS/cm)
AREE #08 (t0) F78 (tl) #F148(t2) | #218(t3)
S(A)RE
7i:1 (208ppm) 1646 826. 33+£28. 4 67444. 3 647. 33+23. 3
) 3 (B)ig &
k-4 il (10Z2ppm) 1292 914.33+48.3| 631458.4 558. 67123
7K 1&(C)iR &
kg (59ppm) 803 610.67+18.5| 445, 67+31.6 [404. 67+43. 6
28°C E3 HA)RE
7i:1 (208ppm) 1646 845 746 602
) 3 (B)ig &
7T (10Z2ppm) 1292 752 583 ATT
=) K(C) R E
il (59ppm) 803 493 376 410
S(A)RE
7i:1 (195ppm) 2190 1614+89.9 |1089, 33+65. 5|860. 33+55. 8
) 3 (B)ig &
ga: | (103ppm) 1206 983.33+85.4| 646.67+28 [601.33+38. 3
1K (OB E
7k (58ppm) 649 532.67+15. 2| 374.33+47.3 | 376+22. 2
= Y S(A)RE
20°C A (195ppm) 2190 1679 1212 874
) 3 (B)ig &
7T (103ppm) 1206 880 H24 451
=) K(C) R E
il (58ppm) 649 605 545 A97
-
B | FHAE 1170. 5452. 5] 977.543.5 [ 920.5+26.5
- -
K| 28 1323. 5+42. 5 10795 981412
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28| # AR (208. 33ppm) | 1900+£29. 1 1391458 1091. 5433. 5 995419
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EHY
A=k 1293. 5433.5 1029+0 1035422
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434 #i-Z % §(BOD)
#4341 % - MREZfERZ FRAkZESSrE 2 LT 5 2R
it KA AR IR 3T AR A4t % £.F (ppm)
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Y ¥ (B)iE &
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{59 1&(C)iR &
7k (58ppm) 205 244.67454. 2| 201.33+31.9 | 77. 67416. 8
e & H(A)RE
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Y ¥ (B)iE &
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=) 1&(C)iR B
il (58ppm) 205 323 171 128
B4
I - N I 1354119
ool R E
K| 0 N ] M 4364108
& | A o SR
28| H A |(208. 33ppm) | 639.52+28. 6 ——— | @ —————- 2174121
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S
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4.3.5

i & 7 § £(COD)

#4351 3 - MRKEBEZRBERZ F AL ESPSELETFIHT

JiE KAR AR IFARAE b2 % 8.2 (ppm)
RERE £08 (10) %218 (13)
& (AR E
71 (208ppm) 12370 11660+1550
S W ¢ (B)ig &
* iz (102ppm) 1410 855+278. 35
4 1&(C)iR B
28°C (59ppm) 660 485. 67+103. 4
= & (AR E
71 (208ppm) 12370 11890
vl ¥ (B)ig &
7% (102ppm) 1410 491
= 1&(C)iR &
4 (59ppm) 660 391
& (AR E
71 (195ppm) 3200 1358. 33+185. 2
vl ¥ (B)ig &
£ (103ppm) 2745 1798. 33+233
& 1&(C)iR &
* (58ppm) 2845 1445465
4 & & (AR E
20°C 731 (195ppm) 3200 1515
vl ¥ (B)ig &
7 (103ppm) 2745 2625
= 1&(C)iR &
il (58ppm) 2845 3070
B4
o | A 350042300
sl O | R
K|l TE4a 3900+2500
| A =i &R 18233. 33
28 # G (208. 33ppm) +2362. 7 610043300
Cc| # 2350
b i R 765043150
S
=K 1085042450
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Hspw o 50 y=1513x+894.6 B 1% fhdic R?=0.9088 - #4177 i* £ % ¥ £ rry &}
B~ adphllt o jRE(2008)FF 7 RIA NS EAEfr A AMER(TS)E &8 %
FREFAYHF B Y F A A 5 y=-42373+5854x 0 (R?=0.979) ;

y=-5.6519+8.1198 » (R?=0.956) -
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44 BEFEREFERER BN
441 mpg B (NOs-N)
#4411 % - M REZFERZ F R KZEFSTEARAR
JERAR R IR AR % B B (ppm)
ARRE £08(t0) | 78D | F148(t2) [ #2188 (t3)
& (AR E 481. 67+
A (208ppm) 830 | -— | - 206. 3
5 4 ¥ (B)ig &
* 4 (10Z2ppm) 9 | | - 142, 2
4 IR(C)iR B
28°C (59ppm) 32 | -— | - 12. 33+2.5
E3 & (AR E
A (208ppm) 830 | -———— | - 425
4 ¥ (B)ig &
7 (102ppm) 9 | - | 9
= 1&(C)iR &
il (59ppm) 32 | - | - 15
& (AR E
A (195ppm) 60 [ -— | - 21.33+4. 7
4 ¥ (B)ig &
4 (103ppm) T T I I — 24+1. 4
{59 1&(C)iR &
7k (58ppm) 45 | | - 2942
o -3 & (AR E
20°C A (195ppm) 60 | -— | - 23
4 ¥ (B)ig &
% (103ppm) 9 | —— | 19
= 1&(C)iR &
£ (58ppm) T e 416
i
B | AR 8004190 258+192 201.5487. 5
e - I =
K| 2 860450 3374163 485+165
o =S iR
28| H a1 (208. 33ppm) | 1270+176. 82 1060 535445 174.5+42. 5
Cl & e
b5 A 825465 435435 A412.5+177.5
S
TEH 7704410 5404170 11154275
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il EAcaeF R 3 KR D A=74.82g9 0 B=50.43g > C=50.1g; i -kiE t A=34.11q -
B=32.94g » C=33.56 ; {e. 4~ # {£ ¢ 12 : R F I8 4 4 1£=70.38¢9 > & B F -F° 4 4
1£=69.950 > @R F -2 A 1E=69.150; T ¢ wEmfEd o mOkFEE o
2.t * B KRR TR BERNM=BEF AL E L e n=2)a ¥ K (a=1-3) o

FHEPAE IR 25T Pp{o% 14 pEFkin -
4, “emneee 7 T AR o

5. cHkis & 1 R F R4 AR T ORI 5 7 p C1=19600ppm 2 #cd ¢

ER o CKERF Y S RTR 0 B KRR KRR R AR~ AUF L 0

F_

BmT o Al g3 en > ¥ AR 2L PP B e BRBER Y
Z6 2% 7 56.67ppm - H e m @ AF L Y o
Hep] A R AT BB R T AR BR Ay A B L

7=

FA~

ho 3N A MB O FRBERAIHY PN T P fo¥ 14 p H 4t

l“‘b

S PRI R PRE T o 154 44020 R - S 2
o FHAFH BB AT L5 o 2 EF S LR SRR R LR P RR
EAALIELERER R -HPARAFNECE T ENF > B 2B ST H

AR e ERBEFREEAN BE > T EER 4411 R w fF oS

N

Ja

y=0.0691x+5.6294 B % 1% #c R?=0.8528 - Bgm A AL W2 § B F 4p % P difr > & £
AR TR o
5 (2016)7 § ¢+ Ak Ed 2k EE NOg4 o % 5 4.095~6.425mg/kg/day -
FABRERAER i@ FAAPR - BAFTHEPY AT RYABERS
N3E(2016)F 737 5 B gk ;s;NOa-i"ff? SR RFKEY A ES Y
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7}@1‘5 ﬁé% oo ¥ AF B A ﬁ& B R Rt %;ﬁ-iﬁiﬁ:g?%‘ﬂ ’ r"i'%lzb P s 0T

o

+ .

Yy
=

%4412 ¥RBRNOLTHRBER D TR EFAERABL fﬂ

JERAR AR IR IR AR B B i & (mg/kg/day)

ARRHE 0~78 7~148 14~21 8
| RAR
= 4| SR
K4 A4 | ZEg | 608.98 | 1073.37 [ 393.71
M| 4| 3R | (208. 33
28| % [ #4844 | ppm) | -568.164 | 1589. 07 | -4695. 23
Cl# | 23
ik} -2961.3 | 3065. 38 | 5453. 67

7 LAl @ 3 op & (mglkg/day)=

(Bt e RRAER R -0 DAl BER DYk R/R B b

2. VIS S E B 1 S Ak £
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442 I A Fe B (NOz-N)

#4421 FoMREZRBERRZFRKZEFSRETHABRART

JE KR AR IR AT 27 2§ E% B8 (ppm)
AERRE %08 (£0) %218 (t3)
& (AR E
AE (208ppm) 2.29 2. 14+0. 85
5 4 ¥ (B &
* 4 (102ppm) 0.43 0. 080
4 1&(C)iR B
28°C (59ppm) 0.25 0.140. 1
E3 & (AR E
A4 (208ppm) 2.29 1.92
4 ¥ (B)ig &
7 (102ppm) 0.43 0.05
= 1&(C)iR &
A (59ppm) 0.25 0.05
& (AR E
7i:1 (195ppm) 0.6 1.2+0.7
4 ¥ (B)ig &
4 (103ppm) 0.5 0. 661
& 1&(C)iR &
* (58ppm) 0.45 0.29+0. 1
= & H(A)RE
20°C| M (195ppm) 0.6 0.59
4 ¥ (B)ig &
7 (103ppm) 0.5 0.28
= 1&(C)iR &
4 (58ppm) 0.45 0.31

sr il fEFAsdeE B B KR A=74.82g » B=50.43g > C=50.1g ; -k iE : A=34.11g
» B=32.94g > C=33560 ; 7 v ‘omitd » BokiEs -

2.Ta: B K TLAMBERN=S) A ¥ %(a=l3) -

TAMRS L e LEE? < 0 LR F & 0.2~0.61ppm 2 B o F]pt I a4l il B 5
APy 2R EELG I DAY R R OTREEIR DL TR
B 3 gt P oaip] o
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443 % § (NHz-N)

%4431 % - MRBEZFERE FARKZES St g § R

JERAR R IR AR Z A (ppm)
A ERE #08 (t0) F78 (tl) F148(12) | 218 (t3)
S(A)RE
7i:1 (208ppm) 208 80. 33+3. 4 59, 3348. 3 23.67+3.9
3 Y ¥ (B)ig A&
7k A (102ppm) 102 53. 33+4. 7 5. 67+1. 7 3.53+0. 5
e K(C) R E
28°C (59ppm) 59 3219 2.67+13. 8 2.17+6. 4
& S(A)RE
7i:1 (208ppm) 208 109 79 26
) 3 (B)ig &
7 (10Z2ppm) 102 42 7 2.2
=) K(C) R E
28 (59ppm) 59 20 2 1.7
S(A)RE
7i:1 (195ppm) 195 131. 6749 76.67+13. 8 19. 5+6. 4
) 3 (B)ig &
ga: | (103ppm) 103 69+2. 9 45, 3314, 2 16. 67+2.5
1K (OB E
7% (58ppm) 58 38+4. 6 21, 3348. 7 6.93+0. 7
= & S(A)RE
20°C A (195ppm) 195 150 82 14
) 3 (B)ig &
7 (103ppm) 103 94 18 1.3
=) K(C) R E
28 (58ppm) 58 AT AT 17
-
B A 86. 5+9.5 A8+7 37.5+1.5
5 & |/ ZE
K| 28 12948 59. b14. 5 5145
A o &R
28| # AR (208. 33ppm) | 208. 33+16. 1 109414 04.512. 5 5810
|l B | &
¥ i RN 99. 543. 5 5142 3842
EAE Y
a4 13843 63. 5+1. 5 36. 5+5. 5
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il fEddcdnE B0 B kR A=74.82g B=50.43g > C=50.1g; 4 -kiE : A=34.11g -
B=32.94g > C=33.56 ; .4~ 4t {£. ¥ 10 : g § -20 4 4 1£.=70.38¢ > & R § 254 it
1£=69.950 » &R F -2 WA 1E=60.150 ; Z ¥ et o BokEE o

2.1a ¥R TI0F §ER(N=3 AT E e n=2) > a ¥ = (a=1~3) -

MokBzZ kR REBERREEW 7 P it oz § BBy ALK
WEE eI 5 21PNy MOKEMERERORESRREZ Y BRI

FiE 3 f—r' o KB SMERREAT T P 3

RalS

g § BE MANED

u'l
V'
%

o 5% 14 P A F s chg § B3 $o§ 4% %% T 100% -

MU A G E F ek c FH R EE RS R FRRLLF
-i"/f—:% % 14 p 95 71~95% > % 21 p B)*%* £ 89% 14 F ; iK-KE 2 j;_ig/%_},é_

%14 p 95 56~63%> % 21 p B9 5 84~90% -

7 EKRY kR EfeR R RORR RY 0 B4 F ER &9 50ppm = + PR
R RRLL A BE SRR R SRS R £ R
FHRBORDFHR DS LT P 5 - g F ORPIRERRE -

v Lui $(2016) 7y 0 H %A TS 2% §FER 209 f- 417ppm ¢ - 14
Piend p i O7% 0 o AP A% ~MARAT > H U P2 EF G5 2%
fr 61% > €3 Lui £(2016) 7 %% - 2 BAFHRBEE I P ~ EF ¥ 7 b foid

LRk EEZ 0 HREDEFRT ﬁ%b“ﬁ(]ﬁ"i—_g‘h«%’ o
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R E(ppm)

200
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sae o) A_\}_’lié}
160 -
~se- B
140 - = Cry
120 —A,_/-J‘:“E
100 — e B7C
—cg,‘g E
80
60 ——
40
20 TN
S
0
0 7 14 21

4431 SRR RERESFSCERBIHRLZEFRARAEN

A LBk R e (NHe-N=195ppm) 2 % § = #9k & (n=3)

oy}
ETIY

& ¢ k& 2 (NHs-N=103ppm)2 £ ¥ % 32k & (n=3)

O
El

= M0k R 2 (NHs-N=58ppm)2 % § T #2ik & (n=3)
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200

150

A (ppm)

50

Bl4432 FREZREREFZ LB R2ELF ERR

A LBk A e (NHe-N=195ppm) 2 % § = 9k & (n=3)

vy)
ETRS

% ¢ k& 2 (NH3-N=103ppm)z. % % T 35k & (n=3)

C % ™k B 2 (NHs-N=58ppm)z % # T 2k & (n=3)

P17 A SRR Y R B R AL TR PR R s E
FF RGP UE AT FPRAEMET > & ST s A d b E

g § ORPEA R E o4k 4432
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4432 % - KKEZBERLFAKLESE§ LS

JEKAR AR IEAR R L F (ng/kg/day)
ARRE A7 H Arl4 8 A 21 8
5 S(A)RE
7k (208ppm) 273.68 73. bl 7.14
e ¥ (B)ig &
28°C (102ppm) -160. 52 10. 01 -7.92
K(C) R E
# | (59ppm) -171. 08 5. 17 -2.93
| SARE
1K A (195ppm) 383. 91 135. 59 -49. 80
7K ¥ (B)ig A&
iy (103ppm) H42.17 -211. 53 -117. 78
20°C (OB E
(58ppm) 191,54 196. 39 64, 17
AREE t0~tl t1-t2 t2~13
e S(A)RE
7k (208ppm) 273.68 —67. 28 -159. 17
e ¥ (B)ig &
28°C (10Z2ppm) -160. 52 190, 24 -A7. 419
K(C) R E
# | (59ppm) -171. 08 175. 81 3.76
| BARAE
& g | (195ppm) 383. 91 -60. 26 -556. 83
7k 3 (B)ig &
i (103ppm) 542. 17 -809. 99 427,62
20°C (OB E
(58ppm) 191. 54 255. 05 -298. 34
=4 | e
K |4 | F1E R 431. 36 -218. 91 23. 16
g |4 | B8R (208. 33
28 |44 [##45|  ppm) 397. 71 ~258. 22 -194. 48
ClE |2
I | FA 296.13 -207. 82 -327. 11
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il fEdeAcksE R F KGR I A=74.82g0 B=50.43g 5 C=50.1g; M -kif t A=34.11g
B=32.94g » C=33.56 ; {e. 4~ # {£ ¢ 12 : R F I8 4 4 1£=70.38¢9 > & B F -F° 4 4
1£=69.950 > @R F -2 A 1E=69.150; T ¢ wEmfEd o mOkFEE o
2.ta: #F R RETEE FEAMN=B) a: ¥=(@=1-3)-

f Z (mg/kg/day)=
(et leg FRARRT-29 B § ERAFL)ORENSF A /X B

RSt S ST R NS

954 4432 MRE2Z 2 fBER BB RESERERAT 7 P ¥ 3 RiEd
4 K,ért F oo 0% i 191.4~542.17mg/kg/day - B (kR ¢~ MOER xRk i} 0 Pk
Rletwn 14 piay 15 £ikd ek o F M HFL ﬁ?—» kg BoKEY ~ Mk
BAr R MERZ a2 % 2 ¥ G2 "fff%‘ c HApe R By 1R i
2 Gi oo éft#iéﬁ“%ﬁ TokHE FOER b g § 2 Gi FREX A P

Rod § 202 A 8 0~7 P e 14~21 P § § 24K 52 ek L B AR
Flo A T B R  H R ¥ LG HNERE L § 2 "ffi’%‘?ﬁa‘ftﬂ °

% (2016)F7 5 ¢ vhokHEg 2k EH 44 (NHa')4 0% 5 & 11.081mg/kg/day -
BAFLRER o RSN E R RGP G ForAEFAFL B F T

%k F R o r*a—‘kwg‘m,ﬁ"

\\\Xr

’i,‘_,y o
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% % 44322 2% % B Y E BT RBEER L PR »
ERAH 5 FEARARC L EFELFERR M R o 540k 44330

FVEEENT FEECE RS PR S EY

2 . (ppm)
%78 |%£148 (%218
= 25
Pl Aa4E (109,00 54,50 | 58. 9
15| 2 3F
Aa | 99.50 | 51. 00| 38. 00
5
| #A4 |111.20[59.04 ] 41,49
R
fa| #A4E |111.51)53. 17| 38. 48
AAa |111.20] 49,10 | 34. 39

LA

m
w

R A RTA @R T S
L Bl g ERSIE Fhg § 255
2. F Mok By AR IR YL F 2

/\
T
3. bdKiEF kR PIRT o AT L SR o o

Foh o ¥ RBRRYORFHRE O R A IR LA E 1T P s 20 P2 £ F
Jk R~ W 5 555 v 36.5ppm > F o A PoiE M enfi A o P g 8 BaIRBR T
Bk & § ORAR K S0ppm pF o L g § AR F AR G VA § Bt e

Y| o

73
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444 %E:(TP)
%4441 % - MORBEZFIERZ F ARK2Z P st B
JEKAR AR SR 4.5 (ppm)
AREE F08(t0) | FTa¢D | £148(2) | F218(t3)
& (AR E
Zih (208ppm) 116 88. 1+13.5 83.4£13.1 81.7342. 2
7 ¥ (B)ik &
- A (102ppm) 20. 2 17.05+0. 5 21.51+1.8 16. 63+2
7K 1&(C)iR &
o (59ppm) 16. 6 14, 86+0. 8 14. 2342 11.82+1.2
28°C -3 & (AR
Gk (208ppm) 116 90. 7 92. 7 90
7 ¥ (B)ik &
7% (102ppm) 20. 2 15. 6 15. 7 18. 2
= & (C)R E
£ (59ppm) 16. 6 12. 7 11.3 14
& (AR E
Zih (195ppm) 23.2 19. 8+1. 8 20.93+1.8 22. 312
7 ¥ (B)ik &
£ (103ppm) 22. 7 21.87+0.9 17.67+1.7 17.13+2
& &(C)iR &
X (58ppm) 20. 5 19. 442. 1 17.67+1.5 15.47+1.5
4 # & (AR E
20°C 7zl (195ppm) 23.2 26. 6 23.2 28
7 ¥ (B)ik &
z (103ppm) 22. 7 22.1 22. 6 29. 6
= & (C)R E
A (58ppm) 20. 5 22. 6 22 19. 1
i
Bk | AHAR 108.9+11.9 | 74, 35+25.1 | 70.55412. 8
3 T R N
K 4 4 115.2540. 1 84. 7#4. 9 110.958. 4
o =S iR
28| M #HtE (208, 33ppm)| 105.940 |159.95+13.9] 98.2+1.2 | 82.05+12.3
C| # 23
b3l AR AR 114. 1+6. 8 98. 845 96. 05410. 8
mAEY
=K 125.944. 7 94, T+17 115.349. 6
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il fEddcdnE B0 B kR A=74.82g B=50.43g > C=50.1g; 4 -kiE : A=34.11g -
B=32.94g > C=33.56 ; .44 {£. ¥ 10 : g § -20 4 4 1£.=70.38¢ > & R f 254 it
1£=69.950 » &R F -2 WA 1E=60.150 ; Z ¥ et o BokEE o

2.t F R KR TIHGHMERNBESF A E e n=2)a: ¥ K (a=1~3) -

W4 4441 v 4442 R ERIE A AT HR? FH L A > HaFkH K
KEMERSRIZERER > 29 w0 T80 P g IESFRBHER G TT
BREZRAEREAF 2L p DRBERRT EADY P & MOREMER il

Foow B KR e e E MR R B 21 P e R R R o B
KRR P RREZZY BES 21 B:@.@/@i;};@)ﬁ’a‘éﬂ%fzé"ff%ﬁw s B 14 p
FUAEEE SR RIEREE S - B B2 THFE P Y4 F 7.18~30.76mg

m

LY ARt REIRA T % I F 2L p B EKE RS RF

)

e

BN LY BB PR A R efeRRF nl RAER A Y 5 11095 fo

115.3ppm ; {64~ g8 R 4R AT 4T S 6 o K R F NS A b s Kt
76 2% 40.40ppm > 3t 204 e o8 A 4F 48 60 19.25 v 33.25ppm c HHR F T
BY AN e E T o3 '%'1‘ e oo

W (2016)F ¢ vhok g2 ok EE PO £ 4 5.315~125.351mg/kg/day -
BAFTES > LBY R REIBYEZBRLLS c 2 EAFT T HEF BT

PR RERG R A E R R .
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#4442 § ~ MREZABERRL F AR ES R E S

JiERAT AR AR sk F > % (ng/kg/day)
ARRE AT H Arlda A2l 8
) (AR
X (208ppm) 8. 27 29. 60 25. 68
e ¢ (B)ig &
28°C (102ppm) -7.08 -27.53 7.18
IK(C)IRE
# | (59ppm) -10. 31 -13.92 10. 31
| BDRAE
& £ (195ppm) A7. 47 15. 85 39. 79
7K ¥ (B)ig A&
. (103ppm) 1. 66 35. 64 90. 14
20°C &(C)iR &
(58ppm) 22. 70 30. 72 25. 15

il fEfAeinE F LB kR P A=74.82¢g 0 B=50.43g C=50.1g; ™ -k§ : A=34.11g >
B=32.94g » C=33.56 ; {44t {8 7 © g  -28 4 4 £.=70.38g » 1 o § -2% 4 4t
1£=69.950 > & R F -2 £=69.150; 7 v BEES  BOKFEFE o
2. 3 ' % (mg/kg/day)=
(Bt e QmER%-20 BRBER )R ENES Acde i 8/ % B

A G BT REE g R A sk
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45 FRFEFERERLT AR

%451 KMEARf-F A REAM BT HRL Y AR T

Bk IR AR | BIEANIER
A (NTD) 1560 522 691
(ppm) 18847 19543. 7 10+2. 2
ke
(ppm) 27.1940.3 | 21.2940.1 | 22.57+0.1

Ll gkt o4 200 P g g (75pm)iB g 100mL R 2 ik o

2. Wiy pR Kt EE A Tum 2 iEpdr o~ 4 3 ¥ 2 ¥ 3 100mL

3. 5% ‘E¥AREFZ LA #i% Al=164ppm F B2 e §OER
(n=2)

4, BEh T B BRI FZ EARRI T TR BER (n=3)

Wit 451 Ripfr@ipiRd §F ERET > BRI DPRBREFERER
R el R R R R R S A F ER R M RISl R L
B3 & HPTIEFRR S o

2R RAHER B AT Rl T - A RER o A Rt
NEEASE R G F KR RS TEum 1 R AR R b S % A

FOOTHR c M ABHER g XIIA RS RFLEE
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46 fFF BPRFLEF RS 2

B H#-36.79g = fEtkiEe L2 A Ik A% 0714 popliE kR
ZF kAR~ B 5 009069 416ppm- s T LB 4 5 kA TEEL T AR

ik 0 FET KNG PERAED N E D fHRME S S X% Faed

AEY F B ek 30cm 0 B 25cm o JE AR 15em 20 W R AE IR f iR (T o F Bk * ALK
T2 5L & F kA A 5 200~ 100 f- 60ppm = & o B -k iE X T 28°C; kR
ARG 20°Co ZEEATH G > 30em 2 20WLED %3 2 4 175 k@ kiko kR
2 o pEd=12 0 12 o) PF o B TG 20 PRI R R] ~ de st A R E O 0F
SHe R B2 Fyp o % 07 144021 pieiFditk o iRl BB ESE
Fook B & 98 Bopen® 1 A RES SR T RR R ol o BT 29 HRE
NEPEX T OFERLG R RIHFERES I GFERL AT

Fp g v‘;}% P F R R RB G2 P el RERINEY 2R
Fa ke > BB 43R (7N R o F AT 3 1 3E(2016) ~ Liu % (2016) ~ Zhou 4 (2017) -
1% (2018) 2 A7 § fr BN 37 R AR M & AU K 6 F R BHE S L R ARG o

AT B SE Fehd £ FA5% Zhou 217V SR RAn S > b FOER
40ppm 12 b pE s 21 poenfifE o £ R R S & o Zhou £ (2017)F R

LABEE EAL F R 70~210ppm B > A fEfE 21 P 2 fed £ B F G TH 4 o
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RPIEHEBRREFZDA R F LR o

SRR G E AR R oz BN O ASE f 2 AR -« AP Z 4B
EREU G R I EE Y RZP AP REE A AF R AR EE
W2 EGUBCRARIE E AT D N 3F A E G RASEDERT e b A F TR AT
'REETECT FREFUELE SR S Sl R
SPEA  TZ BN BCK AT A B2 RF AT FRE o B kiE Y~ MUER
PFRT o fE et (L B WS L RPN R s sk { R B AT

Fedl AT = BN RO ASE kb o NPT SRR ET o RS E RS M A B

34

]
ey
Il
3
—=

R EEAE IR SR EE R X

E(016)F L ko fh 1 F p & 2 T Hip oy £ B SR E RS HY £ Pend

&
Ly

TR R 2R B RO R G sy B B2 et 3R (2016)
FE 54 e b NOgfr NHi end s 5 b AR5 e SR o § ik ehd 5 POS
d EF PR BT AR - A B KK RHYERRAG X
LR B EEESY o d 2 NHS S 5 52 6 Liu ¥ (2016)F 1 I 1%
B*IRMSINEE T §FOER A 200~400ppm 2 FF > 22 AP B B RAPIT o A

WRHREE oY EREF AR L B30 Ead ",% F A 12 NHg e o b

b

4&?‘

FER o F 140 P BB L F A 200 - 400ppm B kR T g § 44
EO9T%1 b oo Bt AR e B1~T2% 0 F i AN F S IE R A A F R

TooAELREES LWELEY -
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e JELEES

51 &

-gg

1 3 e A M-RE 20°C B - o /130 % § k& 5 60~200ppm =% 7 A
ke o GfpfEaE T PG EREFAES c FAE T E LG
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