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Abstract The toxicity of NH;— N, NO,— N and NO, = N to juvenile whiteleg shrimp Penaeus
) and NO, = N to median lethal
concentration of juvenile shrimp 2.4 c¢m in length was obtained in 24 h,48 h,72 h and 96 h.

vannamel was studied and the toxicity of NH,— N, (NH; - N
Their toxicity to safety concentration of juvenile shrimp was 1.30(0.101) mg/L and 3. 80 mg/L,
respectively. When the concentrations of NH,— N, (NH;-N_) were 1.3(0.101) -4.3(0.333)
mg/ L., the survival rates were 71.4% —92.9% ,the growth rates in length were 36.3% —57.1%
and the growth rates in weight were 188.5% —322.3% . While the concentrations of NO, — N
were 3.00 —21.00 mg/L,the survival rates were 75.0% —-91.7% ,with growth rates in length of

21.2% -59.2% and those in weight of 72.0% —311.9% . The effects of subacute toxicity of
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NO; =N to juvenile shrimp 7.37 c¢m in length were as follows: When the concentrations of NO,~
— N were 30 — 195 mg/L,the survival rates were 35% —100% ,the growth rates in length 8.5%
—-20.5% and the growth rates in weight 29.6% —56.8% . Three kinds of liquid nitrogen within
the range of specific concentration have all effects on the survival rates and growth rates of
juvenile shrimp.
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JUAE XS R ( Penaeus vannamer) MFREE 35 FIXTHR , B AR KPR, B0 Ty i, R R & S | 3% 1 AR e 1 g
e L)V Z AT R TEARSRGE . AT, A2 AR %R 2 N e % BETE K 13250 7 =X, e 85 B R B 1T
HoKH NH,— N NO, = N NO, = N FR = &%) MR O 5 IR , =BT 2 i Fh w58 )7 X
BRI EE A, PMEEG S T2 F AR 4 BIHGE NHy - N 5 NO, = N XA 5 em F15.21 em FLYGIE
SRR AR AR > o VR AT FSE R0 S B % R, 401 HR 7 25 9 /85 %6 3 9708 &8 20 ~ 30 K, iR (A K
293K2.5 em 47, 7K NH; = N Fil NO, = N K243 5151 20. 6 mg/L F10. 10 mg/L DL | SA R 5o i 14
K2.4 em ZyUFPEAT NHy— N fil NO, = N A9 FE MRS 5T , LA T fi8e v ol 2 40 %ok &0 B A 22 4 I et 40 500 A
KIsEm o 755 70 RAATR, SR RT. 0 em DL, K NO, - N Bt 438400 35 20 ~ 30 mg/L
DA, BOBCRH R4 K A R NO, ™= N a0 o AR 56 AR i 5 DA 1m0 285 10 R /K 32 R /K ) 28 TRy A5
TEFHAH VRS SR HEF T = 280 SR S B vl , T AR B o 25 N v % B A0 B /K % B /K 5T o]
PR LRl =K

1 AR a7 2

1.1 55 7K

IR T 2004 4 7 ~8 HAE LI HIERERI K= R A 1S B MR T 308K 2 #him] 117K
(pH 8.33 #RJE 11.65) , WSELUINE JH 7 B HFLLFE, NH,- N NO, - N 5 NO, - N {198 P i LA
NH, C1,NaNO, \NaNO, {275 B B il £ 9805 #1280 96 28 SR e L A2 000 I I8 3% o if e — & 2r B 28 1R
WA - WA AR - A - A EEmEDY

1.2 35 IR A2 2

TR PRI [ I F R K P2 R 25 7. NHy— N OFI NO, = N I 20k 75 P00 py IR, oA fnfdk
HAMHM2.40 £0.04 em 2,41 +0.37 cm F10.139 g.0. 143 g, 50 28853 1) 045.00 ecm x 34.00 cm x
22.00 cm FYEIRHAE AL S L A EERHE 75, NOy — N WV 20k 3 R 3 00 A 0F , LMK AR 524300 7. 94 +
0.60 cm F16.302 +1.700 g,iXIe 285 758. 00 cm x37.00 cm x 38.00 cm HY¥EIA .
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FIRFATE o TR T i NOy— N XSRS REPERON , 45 5 v Jo i 20 K2 (NO5 ™= N2 500 mg/L A1 700
mg/L) . NH;= N NO, = N 5 NOy = N, &ZH /05 B A 12,14 1 10 2, i3 20 Ko 1o Al I 32 ik
IR R R RIE R R (AL% =[(L-1L,)/ L] x100% ) MAEHKR(AWR = [(W-W,)/

W, x100% ).

AeBs A - AUNH, - N,,) i 20 S0 - &U(NH, - N) i B0 k8™

CNHr N = C\Hr N X fNHer

gy, = 1/[1 + 10Pke-pH+mi™ ]

SR fy,, b NH,— N, 78 NH,— N, 557 5 (045 H Ka Sy NH,® F B35, yH S 808 T A

2 R Anitib

2.1 NH,;— N NO, = N XJ FLYA X HR I 0R i) 2ot 35 80
2.1.1 NH,- N, #1 NO, = N %4l iif 2 PEdE R 16 i 45
NH,— N F1 NO, = N X FLANE R ARGy R 2ok wg v i 45

AN B LG I, 1. 5R 2 IRAET &
Fe7% 3 v LG, AR ARG LB 58 43 B T IR
A2 B 2 i 1 VR 0t 43 5CR rh 2 ) (] 1Y)
KR, R 1 AT, BRI NH,
= N, A 5T f 43 e S5 0 55 R) BE s 1 L (BL7E
HiE 48 h i), NH,— N, =1.783 mg/L ()%
Tperen G o AL, MR BB TS R (95% F
100% ) BERG , 78 R T H A AR 5T 6 43 £ 4,
HABIEAL(1.628 mg/L) B 2 {5, Al WL, 24
NH,- N, =1.783 mg/L I, B XJ #F 7 A5 58
FUMBOEAE L 249 NH, - N, Ry 1.473 F1
1.628 mg/L Hf, 96 h [ B %6 & % [A]
(90% ), W& Ak T H 4 A% BT & 5 4
(100% ) , It J53 st 43 5030 [T %oF 40 0 0, HL A
SREFEAE ;4 NHy - N, <1.318 mg/L
BF,96 h FET-%( <70% ) W] o HiAlK T Ha
4, RS EUI T L. 318 mg/L I}, NH,
- N, XFFURAEEE I A (A5 —
HACTREE , WF B AF1E AL 30% ~50%
FHE 1 R 2 vl 41, 24 NO, - N=126
mg/L, 3 & 48 h B, 52 i 4F (9 58 T %
(50% ~100% )5 NH,- N, =1.628 mg/L
AR . A2 3 AL, i 2 4
=48 (5.180 meg/L) N 5 & (0.101
mg/L) (51, 3%, Bi & 48 ~96 h [y LCy, Ky
JEAHY 51 ~T77 4,24 h 2Z LCs, W F J5 #
103 %, AI0L, NHy = N, 5 F 0F () 75t a

&1 NH,- N Xt LR R 4h $R3E T 2 40 #5008

%%U@Jﬂ:%‘% 1 %ﬂ%‘% 2,LC50%H Sc TE@J:‘F
230 Wb A I, SR TG g BE R ST 23 EIOR N ] 178 5 P S AR, A A S A v 000 i) B ) K

e NH;- N, NH;-N,, FETF /%
/mg/L /mg/L 24h 48h 72h  9%h
1 25.0 1.939 65 100 100 100
2 23.0 1.783 40 95 100 100
3 21.0 1.628 25 50 90 90
4 19.0 1.473 10 35 85 90
5 17.0 1.318 10 40 60 70
6 15.0 1.163 0 30 50 50
Xt BR 25 0.259 0.020 0 0 0 0
2 NO, - N Xf FLgUEXT MR 4R IE T R A 300
g NO, =N SET-H /%
/mg/L 24 h 48 h 72 h 96 h
1 185 50 100 100 100
2 170 25 80 100 100
3 126 15 50 90 100
4 104 0 35 85 95
5 82 5 25 65 80
6 60 0 15 45 70
7 30 0 5 10 20
Xt FE 21 0.013 0 0 0 0
%3 NH,-N 5 NO, - N xf Lgyigxt R4 #F
HEHRERESBILERESH
_ LCsp/mg/T. AR
24 h 48 h 72 h 96 h /mg/L
NH;-N, 24.24 21.00 15.00 15.00 1.50
NH;-N,, 1.783 1.628 1.163 1.008 0.101
NO, ™~ N 185.0 126.0 70.5 51.80 5.180
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3T NO, = N, H. NO, — N 7R R[] P SRR (4 A WUAT R AS B (g, PRI M7 75 R el i o o A 3 25 0 R
TR
F ARSI, NH, - N, Fl NO, = N 414 K:9. 92 mm Sl R fr) 46 42 1 43 5053 31 490. 054 F11.9

mg/Lo 755 HAHE A0 46 0 T, AR 56 57 F 4R A9 K K 2.4 em Wfﬁ%ﬂ’]ﬁéﬁ SRR
0.101 mg/L F1S. 180 mg/L, 3B 48R B 25 BE 7 Wi 2E I MHE MR . SR P RE P IR B0 25 51 15 LAAE A
BERHIGE A7

2.1.2 NH;- N fl NO, - N XF 40 i) 2 itk 2 e 4k

YR NH, - N, 5 JR 43404 (1. 939 mg/L) 15 min B, B S B2 BIZ0IG 3N, 5) %
50,2 h JFHEAS A TRUTAJR R, ELZA 30% fur o TR 5 , 7 (530 1 6, 3 085 , T St 3l , ALK
s . #15 ~8 h I BIAETS SBT3k 40% , HARIO 4 2 R AR RS IR 2t B Rk, H
T FEE o ok 0 B R AT B85

NO, = N 55 R/ 404 (185 mg/L) (9ZARUF, 1 h J5tLA FRAMI LY TEHE,3 h HA F UL T IR
.8 h SR @ R A, I B SERR R AT 8 h B — T B RE T, Al A R Sk, 8 h =2,
NO, - N<82 mg/L JF /M S 132 1R 0F A0 5 3240, oK B AR W B 10 S B4 . 30 me/L J 204K
éﬁxﬁtmw:ﬁ X IR AL, [H 8 ~96 h i, WL R A B R P ERAER . X LI, NO,
- N LS T NH, - N, H B /80RO 8 T NH, - N, (BB X SR i s e i B 58 5 & o

2.2 NH,-N,, Hl NO, = N Xt &l i) W 2 vk 2800

ZhUR7E NH,— N, (0. 101 ~0.333 mg/L) Fl NO, = N(3 ~21 mg/L) Bk P i 3% 20 KRG, &K fik
FIRKAR(ALY , AW% ) JEHREGNMN TR A FES, hE4 LS 0T, 761K 50 5 E 20500 F
P, NH;= N, Fil NO, ™= N X F-AZ 3R 34 8 /s — 5 B0 850, I 5 W G A0 26 4 s , IR R A 4 A A
PIIG R R FETE IR T X R . FLRf T i 0 B, (A R A TR A3 < B D A 16 e 385 0 4 B

2 BEVERE (@ =0.05) ,NHy- N, BRI 4 2 18] K 4% 415 %] BR2H 2 6], 32 AR 0F iR K3 K S 177
B R &I 4O R SN R A 2L R 3 T (2.3 ~ 4. 3mg/ L) Z ] K

F 4 NH,- N Xf FLA0E T ER4h SR 4 K TN R0

| 1 2 3 4 5 6 7 XfHRZH
NHVT‘/;?_N"“ 1.3/0.101  1.8/0.140 2.3/0.178 2.8/0.217 3.3/0.256 3.8/0.295 4.3/0.333 1.005
m;
Ly/cm 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40
L /cm 3.77+0.51 3.65+0.52 3.59+0.42 3.48+0.42 3.43+0.37 3.37+0.37 3.27+0.43 3.96+0.56
AL /% 57.1 52.1 49.6 45.0 42.9 40.4 36.3 65.0
Wo/mg 139 139 139 139 139 139 139 139
W /mg 587 542 521 479 447 412 401 676
AW /% 322.30 289.93 274.82 244.60 221.58 196. 40 188.49 386.33
TR /% 92.9 78.6 78.6 78.6 78.6 75.0 71.4 100

%5 NO, - N 33 LT #RER 4h R & K Fn 1 iE R0

41 1 2 3 4 5 6 7 X BEZH
NO, =N /mg/L 3.00 6.00 9.00 12.00 15.00 18.00 21.00 1.005

L,/cm 2.41 2.41 2.41 2.41 2.41 2.41 2.41 2.41

L /cm 3.84+0.39 3.71£0.45 3.60+0.51 3.35+0.46 3.23£0.38 3.07 +0.46 2.9220.0.20 3.98 +0.49

AL /% 59.2 53.8 49.3 39.1 33.9 27.5 21.2 65.00

Wo/mg 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.143

W /mg 589 543 516 401 359 324 246 683

AW /% 311.9 279.7 260. 8 180.4 151.0 126.6 72.0 377.6

TR /% 91.7 91.7 87.5 83.3 83.3 75.0 75.0 100




46 KRR 2005,32(6)

F* 6 NO, - N Xf FLGYEXTER 4 BF & K F 7 R A0

| 1 2 3 4 5 6 7 X B2
NO; =N /mg/L 30 60 100 145 195 500 700 1.005
Ly/cm 7.94+0.6 7.94+0.6 7.94+0.6 7.94x0.6 7.94+0.6 7.94+0.6 7.94+0.6 7.94x0.6
L /cm 9.57+0.53 9.42+0.80 9.18+1.14 8.72+0.64 8.62+0.78 - - 9.69 +0.70
AL /% 20.53 18.61 15.55 9.84 8.51 - - 22.07
Wo/g 6.302+1.7 6.302+1.7 6.302+1.7 6.302+1.7 6.302+1.7 6.302+1.7 6.302+1.7 6.302+1.7
W /g 9.88 9.61 9.15 8.30 8.17 - - 10.49
AW/ % 56.78 52.49 45.19 31.72 29.64 - - 66.38
AETE R/ % 100 90 90 45 35 0 0 100

A AR 3B (1. 3701, 8 mg/L) Z [BIAF G I o 3 22 5 o (A e IR0 2 3 B4l Fn NH; - N
=2.3 mg/L (45 i - B Z R AE A B E P22 5. X UABHAE 20 RO Stk h s il (], 762.3 ~ 4.3
mg/ L BT S BG LN, NH, = N, 62330 4 40 7 77 A 0 25 A P AS A2 DA 5 | AR b ) 0 23R 1 Sk 2
25t AN I SR B, TR 43404 3 me/L ARG A, R A5 A e B S AR, T L L A A RO 4
AL Y B PR AL T I BT A3 B A R I i, DA SSRE i ) 1) 10 iR B

220 K NO, = N il , Sl 4l I AAIG 32 (75. 0% ~91.7% ) il T X BR41 (100% ) , 55 6 .7
WA B e T i A B ARG 32 (75. 0% ) W AR T H AR X0 2 (83.3% ~91.7% ) . R EMERR (o =
0.05) , HfF A B EMZER; S 3.4.5 41\ .56 1.2.3 R 1E R oMW (83.3% ) , sl M i (87.5% ~
91.7% ) ,WOIIAFAE R EMEZE ST B 4 5 A HRS AR AR EEZE S HILalm, 56 6.7 4,1
24 NO, - N=18 mg/L B} ,NO, - N XJ 4 iRt st e, DASS DA TS 2RI . BE T 53 808 i, NO, - N

Xof Iy AT A 18K 1 52 e R T 0 T 8 AR S, LA B0 3 2 5 0o BB ] R LA e =2 ] (R B K 2
AEREVEZ S .

1E 20 KA NO, = N 7 2k d R o, £ B E MR K (0 =0.05) , X F 2R AR K A 38 KA, 453K
B 2 [ B H 5 %o R 2 (B e Pk 22 50 WL, 2 NO, = N=1. 3 mg/L i B 5 52 ma Gl R 14 4
ULIALIR A K6 NO, = N BEPE M U X FAE0E %, Rl R NO, = N X4l 14 42 4 it i 43 508K
w7 AR AR TR A

2.3 NO; = N Xf gl HR A IV S PR BE PR AR,

SRR — 2 i A AR R R R AR 3R 20 KRG (R E (W) S iRK (L) KHR KR (706 %555 T
6, WHE N, HERERXT K 7= sh 4 JG w8 F AR, el K s b o S5 Hot e B o (HRI0 & PR, B
OB, S URAEIE 5 AR RN A T 36 K 3648 57 B — R ), o ARG K ) R i R A L SRR
R gt A TR A N R IR Y o E NOy— N /55 0T it 43 84 (145 1195 mg/L) | BRI ) R £ o
W0 AT, BRI IR R BERE . T DL, GUF % NO, = N=145 mg/L B PET 52 01 G0 TR, 4
FHERIR (0 =0.05) 55 1 ~5 A Ak b= ) S H 5 06 RE A [a], AAK B B A7 A 5 M 25 5 . W TAEIG 3%,
IR EE 1 L2 A, 56 2 4155450 4 AR AAFAE B BT E R AR Az MM EREEER, &
4 ~6 F£W NO, = N [FMEEMET NO, =N f1 NH,— N, ,{H4 NO,— N=30 mg/L A, IFf4: K B % 55
M, 24 NO, = N=60 mg/L B, #F A9 B3 R 32 2 1520, ¢ & 24 NOy = N 2y 145 mg/L 1 195 mg/L
B, 735 SRANCR N BRAL I 45% 5 35% o T3 A, s i i o AR A i WS & B, 24 NO, ™= N 2y 500 mg/LL
B, 19 RAFET- 2 E IR 100% , 5 AR AR RIAR B 35 4 2R 53 51 4. 0% Fi14. 1% ;700 me/L J5i 5 73 4
215 RIBET3REPIE 100% , 5 J AT AR B3GR 3 1. 9% F15. 7% o ] L, — 5 it
B NO, = N X FERAY A KRN BE SR 4 52, L7 28 N B 50354 70 KAA R, NOy = N i &4y
HOTRERUR S 20 ~ 30 mg/L, L, ey il NOy™— N Jo 2 4340t oy 5 [ I A I T 3 o

(FHe55 74 T1)



