
第18卷第5期

1997年9月

环　　境　　科　　学

ENVIRONMENT AL SCIENCE

Vol. 18, No. 5

Sep. , 1997

2, 4-二硝基甲苯与共存硝基芳烃化合物
对斜生栅列藻的联合毒性*
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摘要　为了客观地评价2, 4-二硝基甲苯与其它硝基芳烃化合物共存时对藻类的生态毒理学效应,采用 OECD 藻类

生长抑制实验的国际标准方法,研究了 2, 4-二硝基甲苯与其它 6种硝基芳烃化合物共存时, 对斜生栅列藻

( S cened esmus obliquus)的联合毒性( 48 h EC50) ,同时观察到细胞水平上的中毒症状.结果表明: 2, 4-二硝基甲苯加

对硝基苯胺; 2, 4-二硝基甲苯加对二硝基苯; 2, 4-二硝基甲苯加对硝基苯甲醚均表现为协同作用. 2, 4-二硝基甲苯

加对硝基苯酚; 2, 4-二硝基甲苯加对硝基甲苯; 2, 4-二硝基甲苯加对硝基氯苯均表现为拮抗作用.细胞水平中毒症

状:似亲孢子释放受阻;异形巨细胞出现;细胞核和细胞器解体,原生质解体.通过对中毒症状和毒物浓度相互关系

的分析,初步探讨了2, 4-二硝基甲苯与其它共存硝基芳烃化合物对斜生栅列藻的联合毒性机制.
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　　利用藻类生长抑制实验确定污染物的毒性

在80年代逐渐得到公认 [ 1, 2] , 众多文献集中在测

定不同种污染物对不同种藻类的单一毒

性
[ 2— 8]

. 而在自然状态下, 多种污 染物同时排

放而进入水生生态系统,为了客观地评价污染

物共存时对藻类的影响,联合毒性的意义尤为

重大,并能为进一步的 QSAR(定量构效关系)

预测化合物的性质和活性提供重要的基础数

据.

本研究以斜生栅列藻为试验材料,测定了

2, 4-二硝基甲苯分别与其它6种硝基芳烃化合

物共存时的联合毒性( 48 h EC50)及联合效应

相加指数 AI [ 3] ,初步探讨了2, 4-二硝基甲苯与

共存化合物对斜生栅列藻的联合毒性机制,同

时观察到显微水平上的中毒症状.

1　实验部分

1. 1　试剂与仪器

7种硝基芳烃类化合物(分析纯) ;

LRH-150G 光照培养箱(广东省医疗器械

厂) ;

CX-250型超生清洗器(北京医疗设备厂) ;

SHA-C水浴恒温振荡器(常州国华仪器

厂) .

1. 2　实验材料与方法

斜生栅列藻( Scenedesmus obliquus)购自中

国科学院武汉水生生物研究所.

实验方法严格按照 OECD 藻类阻碍生长

实验标准方法[ 1]进行.

1. 3　实验条件

温度: 20℃±1℃; 酸碱度: pH 值调至7. 2

±0. 2; 照明: 白色日光灯连续照明, 平均光照

3600—4000lx .

培养液
[ 1, 2]
配成1000倍贮备液待用.

助剂: 1m l/ L 丙酮溶液.

在光照培养箱中静止培养, 每天震荡3次,

每次30m in.

1. 4　实验过程

分别测试2, 4-二硝基甲苯及其它6种硝基芳

烃化合物对斜生栅列藻的单一毒性, 得到48 h

半数有效抑制浓度( 48 h EC50 ) , 以此为依据将

2, 4-二硝基甲苯分别与6种硝基芳烃化合物等剂

量( mol L - 1)混合,测试各混合物对绿藻的联合

毒性,实验设计与测试方法与单一毒性的测试完



全相同
[ 1, 2]

.每种被测混合物共计6组, 含1对照

组, 设1平行, 共计12瓶,依次置于光照培养箱内,

48h 后镜检,定形群体或单个细胞均以每个细胞

作为一个计数单位,计算出细胞数/ ml .

1. 5　实验数据处理

镜检所得数据按如下公式处理: [ 1, 2]

= ln( N t / N 0) / t-t.

阻碍率( %) = [ ( b) - ( tox ) ]
( b)

( 2)

式中, N 0为初始细胞数, N t 为48h 后细胞数,

( tox )为加测试化合物组的生长速度, ( b)为对

照组的生长速度.

根据上述公式, 将浓度与生长速度阻碍率

作一元线性回归, 求出 EC50值.

2, 4-二硝基甲苯在混合物中的毒性受共存

化合物的影响程度, 可由联合效应相加指数

AI
[ 3]
来表示.

S=
A m

A 1
+

Bm

B 1
+
Cm

C1
+ ⋯⋯

式中, S 为所有混合测试物毒性相加的和. A 1、

B1、C1、⋯⋯为各化合物单一毒性值 ( EC50 ) ,

A m、Bm、Cm⋯⋯为混合后的混合毒性值( EC50 ) .

当 S≤1, 　AI= ( 1/ S) - 1. 0

当 S > 1, 　AI= S ( - 1) + 1. 0

式中, AI 为联合效应相加指数.

当 AI> 0时, 毒物间为协同作用.

当 AI< 0时, 毒物间为拮抗作用.

当 AI= 0时, 毒物间为相加作用.

2　实验结果

2. 1　单一毒性效应

2, 4-二硝基甲苯及其它6种硝基芳烃化合

物对斜生栅列藻的单一毒性( EC50 )见表1. 可以

看出其毒 性顺序依次为: 1, 4-DNB> 2, 4-DNT

> 4-NCB > 4-NT > 4-NAnis > 4-NPh > 4-

NAn.

2. 2　联合毒性效应

　　2, 4-DNT分别与6种共存化合物混合后对

表1　2, 4-二硝基甲苯及6种硝基芳烃化合物对斜

生栅列藻的单一毒性[ 2]

化合物 48h EC50/ mol L- 1

2, 4-二硝基甲苯( 2, 4-DNT ) 3. 47×10- 5

对硝基甲苯( 4-NT ) 1. 82×10- 4

对硝基苯胺( 4-NAn) 3. 98×10- 4

对硝基苯酚( 4-NPh) 2. 69×10- 4

对二硝基苯( 1, 4-DNB) 1. 10×10- 5

对硝基氯苯( 4-NCB) 1. 15×10- 4

对硝基苯甲醚( 4-NAnis ) 2. 24×10- 4

表2　2, 4-DNT与其它6种共存化合物混合后对斜生栅列藻的影响

2, 4-DNT 初始浓度

/ mol L- 1

藻类生长阻碍率/ %

2, 4-DNT

+

2, 4-DNT

+

2, 4-DNT

+

2, 4-DNT

+

2, 4-DNT

+

2, 4-DNT

+

4-NT 4-NAn 4-NPh 4-NAnis 4-DNB 4-NCB

7. 32×10- 5 88. 9 78. 0 80. 6 130. 5 93. 2 97. 3

4. 68×10- 5 68. 8 76. 0 39. 9 88. 7 82. 3 85. 3

2. 93×10- 5 45. 5 49. 8 24. 4 53. 3 76. 1 65. 3

1. 90×10- 5 22. 6 26. 9 22. 1 30. 3 65. 3 52. 4

1. 17×10- 5 14. 3 16. 7 12. 7 20. 7 54. 3 12. 6

斜生栅列藻的生长阻碍率见表2.

根据表2的数据, 得到联合毒性值 ( 48 h

EC50)及联合效应相加指数见表3.

表3结果表明, 与单一毒性效应相比,每种

共存化合物与2, 4-DNT 混合后,对斜生栅列藻

的毒性均有所加强, 2, 4-DNT 在混合物中的毒

性受共存化合物影响的程度可由联合效应相加

指数 AI 来表示. 2, 4-DNT + 4-NAn, 2, 4-DNT

+ 4-NAnis 和2, 4-DNT + 1, 4-DNB, AI 均大于

0, 故属协同作用. 2, 4-DNT + 4-NT , 2, 4-DNT

+ 4-NPh 和2, 4-DNT + 4-NCB, AI 均小于0,故

属拮抗作用.
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表3　2, 4-二硝基甲苯与6种共存化合物分别混合后的

联合毒性及联合效应相加指数

化合物 48 h EC 50/ mol L - 1 A I

2, 4-DNT + 4-NT 3. 80×10- 5 - 0. 30

2, 4-DNT+ 4-NAn 3. 09×10- 5 0. 033

2, 4-DNT + 4-NPh 4. 79×10- 5 - 0. 56

2, 4-DNT + 4-NAn is 2. 75×10- 5 0. 093

2, 4-DNT + 4-DNB 6. 31×10- 6 0. 32

2, 4-DNT+ 4-NCB 2. 57×10- 5 - 0. 004

2. 3　斜生栅列藻的中毒症状

在光学显微镜下( 40×10倍)观察到, 在

2, 4-DNT 分别与6种共存化合物作用下,其中

毒症状与单一毒性效应所产生的中毒症状 [ 2]既

有共同之处, 又有一定的差异(见表4) .

表4　单一毒性效应与联合毒性效应中毒症状比较

中毒症状

化合物

2, 4-DNT

(单一毒性效应)

2, 4-DNT+ 共存化合

物(联合毒性效应)

似亲孢子释放受阻 有 有

不规则巨细胞出现 无 有

细胞核、细胞器解体 有 有

原生质体解体 有 有

　　( 1)母细胞内似亲孢子释放受阻,出现形状

异常的不规则巨细胞.在斜生栅列藻生长阻碍

率为70%—100% (见表2)时,部分藻胞明显体

积巨大,母细胞内已形成子细胞但释放受阻,或

无似亲孢子的形成, 这时细胞体积为正常藻胞

的3—4倍.这些巨细胞中还出现一些形状异常

的不规则巨细胞, 细胞形状由正常的梭形变为

球形、逗号形、圆锥形或棒槌形(见图1) .

( 2)细胞核和细胞器解体　在斜生栅列藻

生长阻碍率为45%—55%时( 2, 4-DNT 及混合

物浓度、斜生栅列藻生长阻碍率见表2) ,斜生栅

列藻的部分藻胞体积仅为正常藻胞的1/ 3. 同

时,细胞核和细胞器解体,藻胞原生质体呈现类

似蓝藻的均匀透明的蓝绿色或淡绿色(见图

2a) .

( 3)藻胞原生质体解体　当所有被测化合

物混合毒物浓度达到使藻生长阻碍率达到50%

图1　似亲孢子释放受阻及不规则巨细胞( 400倍)

以上时, 各浓度及不同混合物组均出现部分藻

胞原生质体解体现象,藻胞仅余细胞壁或细胞

残体, 而且, 随着混合毒物浓度和毒性的增大,

视野中此类藻胞的比例增加(图2b) .

图2　细胞核、细胞器解体( a)和原生质解体( b) ( 400倍)

3　结论

( 1)与单一毒性相比较,每种共存化合物与

2, 4-二硝基甲苯混合后,对斜生栅列藻的毒性

都有所加强, 2, 4-二硝基甲苯在混合物中的毒

性受共存化合物的影响程度可由联合效应相加

指数 AI 来表示.结果表明,硝基芳烃化合物共

存于水体中对斜生栅列藻产生的生态学效应是

很复杂的,与单一毒物的作用结果有很大差异,

因此,低浓度、长效应联合毒性的深入研究意义

尤为重大.

( 2)当混合毒物的浓度达到使藻类生长阻

碍率为70%—100%时,部分藻胞似亲孢子形成

(下转第36页)
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列出了各物质的 Henry 定律常数.
表4　有机物挥发速率常数与 Henry定律常数

挥发

程度
物质名称

挥发速率常

数/ d- 1

Henry 定律常数[ 3]

/ atm m 3 mol- 1

强
挥
发
物
质

乙苯 0. 041 8. 7×103

甲苯 0. 029 6. 6×103

二甲苯 0. 027 5. 1×103

呋喃 0. 030 5. 4×103

萘 0. 018 1. 15×103

吡啶 0. 035 7. 0×103

吡咯 0. 045 9. 3×103

联苯 0. 019 1. 5×103

中
等
程
度
挥
发
物
质

苯酚 8. 36×10- 4 3. 97×10- 7

甲基苯酚 9. 87×10- 4 2. 16×10- 6

二甲基苯酚 8. 54×10- 4 < 1×10- 6

吲哚 9. 43×10- 4 < 1×10- 6

喹啉 9. 79×10- 4 9. 35×10- 7

异喹啉 9. 21×10- 4 9. 86×10- 7

　　从表4可知:

( 1)不同挥发程度的物质其挥发速率常数

K V差别很大,在0. 018—045d
- 1
之间,而中等程

度挥发物质与强挥发物质 K V 值相差2个数量

级.

　　( 2)在本研究中易挥发物质的挥发速率常

数 K V与 Henr y 常数之间具有良好的线性相关

关系,对它们进行线性分析,得如下方程:

　　K V= 2. 906×10
3
H + 0. 0146 ( 2)

( r= 0. 987)

式中, K V :挥发速率常数( d- 1) ; H : Henry 定律

常数( atm m 3 mol- 1 ) .

4　结论

( 1)对焦化废水中24种有机物质进行空曝

试验,在曝气吹脱条件下,各种有机物表现出不

同的挥发特性.

( 2)有11种有机物, 包括乙苯、苯、吡咯、联

苯等比较容易挥发, 它们的挥发速率常数 K V

与 Henry 常数间具有良好的线性关系, 线性相

关方程为 K V = 2. 906×10
- 3
H + 0. 0146, 挥发

作用在有机物的去除中起很重要的作用.

( 3)苯酚、喹林等12种物质具有中等程度的

挥发性; 间苯二酚在曝气吹脱条件下几乎不挥

发.
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和释放受阻, 部分藻胞巨大且形状不规则. 和

2, 4-二硝基甲苯等硝基芳烃类化合物对斜生栅

列藻单一毒性 [ 2]相比,混合毒物在较高浓度下

不仅阻碍斜生栅列藻的繁殖, 而且改变藻胞的

形状.

( 3)当藻类生长阻碍率为45%—50%时,混

合毒物使斜生栅列藻部分藻胞的细胞核和细胞

器解体, 这与2, 4-二硝基甲苯对斜生栅列藻单

一毒性相比,混合毒物的初始浓度均低于2, 4-

二硝基甲苯的初始浓度.且呈协同作用的混合

毒性物的视野中, 斜生栅列藻呈现此中毒症状

的藻胞占45%—50% ;呈拮抗作用的混合毒物

视野中,呈现此中毒症状的藻胞占30%左右.可

见混合毒性效应比单一毒性效应更为复杂.
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northern China. The max imum value of N 2O
emissions f rom fo rest and g rassland soil is
about 23 g/ ( m

2
h) . A high r ate of N 2O loss is

observed when the temperature is lower than
15℃. The max imum value o f N 2O negat ive
emissions as high as 18. 984 g/ ( m2 h ) has
been measured.

Key words: N 2O, O 3 , em ission flux , source,
sink, ex change between atmosphere and ter ri-
to ry.
Ultrafiltration Membrane Bioreactor for Do-
mestic Wastewater Treatment and Its Hy-
draulic Behavior. Xing Chuanhong, QianYi,
( State Key Labor ato ry of Environmental Sim-
ulat ion and Pollut ion Contro l, Dept . of Envi-
ron. Eng . , Tsinghua U niversity , Beijing,
100084 ) , T ardieu Eric ( CIRSEE-Lyonnaise
des Eaux , 38, rue du President Wilson, F78230
Le Pecq. ) : Chin. J . Environ. S ci . , 18 ( 5) ,
1997, pp. 19—22
It is proven that Ult raf iltr ation M embrane
BioReactor ( U MBR ) applied to domest ic
w astewater t reatment , under condit ions of hy-
draulic retention t ime 5h, sludge retent ion
t ime 30d, membrane surface velocity 4m / s and
membrane f lux75L/ ( m2 h) , is technically fea-
sible and reliable during several weeks. Re-
moval rate of COD, NH3-N, and turbidity of
the systme ar e equal to or higher than 98%,
97% and 98%, SS and E . co li. , 100%. The ef-
fluent quality is alw ays bet ter than the qual ity
standard for reuse issued by the M inist ry of
Const ruct ion in China. Fur thermo re, the hy-
draulic behavior o f U MBR is concisely dis-
cussed. T he hydraulic boundary layer is about
185—5. 9 m thick, and the mass t ransfer
boundary lay er , 18. 5—0. 59 m when the typi-
cal Reynolds number is 4×10

3—2×105 .
Key words : ultr af ilt rat ion membrane, bior eac-
to r, domest ic w astew ater, hydr aulic behavior,
boundary lay er thick.

Soil Sensitivity to Acid Deposition in South
China Ⅶ. Cation Leaching and Buffering
Mechanism. Qiu Rongliang et al . ( Department
of Env ir onmental Science, Zhong shan Univer -
sity, Guagzhou 510275 ) : Chin. J . Environ.
Sci . , 18( 5) , 1997, pp. 23—27
Acidic deposit ion is considered an environmen-
tal pr oblem that may affect the soil' s cat ion-
exchange status. T his study used column
leaching experiments to exam ine the inf lu-
ences o f simulated acid rain w ith dif ferent pH
values on base cat ion leaching o f main so il
types collected f rom South China. T he results
show ed that amounts of leaching base cations
increased obviously when the pH value of sim-
ulated acidic rain w as low er than 3. 0 or 3. 5,

w hile the amounts almost did not differ w hen
pH higher than 3. 5. The leaching of Ca

2+
and

M g
2+
was affected evident ly by the pH value of

simulated acidic rain, compared with the leach-
ing of K

+
and Na

+ . The H
+
buffering mecha-

nisms which may var y in dif ferent simulated
pH acidic rain are proposed fo r main soils
studied. T he dissolving react ion of salt s w as
the dominant resources of leaching base
cat ions and H

+
buf fering w hen pH value high-

er than 3. 5. T he mechanisms of H+ buffering
t reated w ith acid rain at pH 3. 5 w ere the ex-
changeable cations and sulfate sorption. Dis-
solved alum inum on the broken edge of clay
and alum inum ox ides w eathering of original
and secondary miner als and sorpt ion o f sulfate
play ed a gr ea role on the leaching o f so il
cat ions and H

+
buf fering w hen the so ils t reat-

ed w ith acid rain of pH low er than 3. 5.
Key words : s imulated rain, base cat ions, leach-
ing , so il sensit ivity .

Studies on Eff ect of Water Treated by High-
Voltage Electrostatic Field on Oxygen Utiliza-
tion Rating of Activated Sludge. Yang Feng ,
Kong Jilie, Deng Jiaqi ( Dept . of Chem. , Fudan
University , Shanghai 200433) , Xiang Yang ,
Gao Tingyao ( School o f Environ. Eng. ,
T ong ji University, 200092) : Chin. J . Envir on.
Sci. , 18( 5) , 1997, pp. 28—30
T he m icro organisms ex t racted from act ivated
sludge w er e selected as the sensit ive material
to make a BOD biosensor for monitoring the
metabol ic ability of themselv es in high-voltag e
elect rostat ic t reated w ater ( HVETW ) . The
oxygen ut ilizat ion rat ing of the m icroo rgan-
isms which operated in such an aqueous media
for appropriate t ime, could be promoted by at
least 20%. At the same w or king high-volt-
age, this ef fect depended on how long the w a-
ter w as t reated. The w ater t reated fo r too long
a t ime would lead to the negat ive effects. At
5000 V , it took about 6. 0 h for the m icroo r-
ganisms to obtain the max imum oxygen ut i-
lizat ion rat ing , w hereas it did about 4. 0 h at
7000 V . This discovery might of fer a great po-
tent ial fo r improving the new w aste w ater dis-
po sal techniques.
Key words : high-voltage static elect ricity , act i-
vated sludge, BOD, microbial sensor .

Mixtoxicity of 2, 4-DNT and 6 Kinds of Ni-
troaromatic Compounds to the Algae. Liu Jin-
gling, Yuan Xing, Lang Peizhen ( Dept . of En-
viron. Sci. , No rtheast Normal U ni. ,
Changchun, 130024) : Chin. J . Envir on. Sci . , 18
( 5) , 1997, pp. 31—33
In order to evaluate objectively the eco logical
effects of 2, 4-DNT mixed w ith 6 kinds of ni-
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tr oaromat ic compounds in the eco system , the
study on the mixtox icity of 2, 4-DNT and oth-
er 6 kinds of nit roaromat ics to the algae
( S cenedesmus obliquus ) w as car ried out . 48h-
EC50 of monotox icity of 7 kinds o f compunds
and 48h-EC50 of m ix tox icity of 2, 4-DNT + 6
kinds of compounds w ere measur ed. Results
indicated that there ar e synerg isms betw een,
2, 4-DN T + 4-NAn, 2, 4-DNT + 4-NAnis, and
2, 4-DNT + 1, 4-DNB as w ell as antag onisms
betw een 2, 4-DNT + 4-NT , 2, 4-DNT + 4-NPh
and 2, 4-DNT + 4-NCB. U nder the microscope
( 400 times) 3 kinds of tox ic symptoms, the in-
hibition to the f ilial spo res form ing and releas-
ing , the irregular big cells appearing, nucleus
and cell or gans as w ell as the pro toplast diste-
grat ing w ere observ ed.
Key words: mix to xicity , 2, 4-DNT , nit roaro-
mat ic compounds, alg ae, Scenedesmus obliquus.

Study on the Volatile Property of Organics in
Coke-Plant Wastewater under the Aerated
Stripping Condition. He M iao, Zhang Xiaojian
etal. ( Dept . of Env ir on. Eng. , T singhua Uni-
versity, Beijing 100084 ) : Chin. J . Environ.
Sci . , 18( 5) , 1997, pp. 34—36
A study w as conducted to determine the
volat ile property of o rganics in the coke-plant
w astewater under the condit ion of aerated
st ripping. T he results show that there are dif-
ferent vo latile characterist ics among the or -
ganics. 11 kinds of compounds such as ethy l-
benzene and naphthalene are mo re volat ile.
The removal rate can get to 20% - 40% af ter
an aer at ion of 12 hours. T heir volat ile rate
constant K v have a fairly good linear relat ion
w ith the Henry constant ( H) , o f w hich rela-
tion equat ion is K v= 2. 906×103H+ 0. 0146.
Volat ile effect plays a very impo rtant ro le in
the removal process of these o rganic com-
pounds. 12 compounds like phenol have a
medium volat ile property . The o ther com-
pounds like resor cinol have a low volat il ity .
Key words: volat ile proper ty , coke-plant
w astewater, aer ated st ripping , volat ile org anic
compound, volat ile rate constant .

Activity,Kinetics and Spatial Variation of Dis-
solved Alkal ine Phosphatase in Lake Donghu.
Zhou Yiyong , L i Jianqiu, Chen Xudong et al.
( lnstitute of Hydrobiolo gy , T he Chinese A-
cademy of Sciences, Wuhan 430072) : Chin. J .
Environ. S ci. , 18( 5) , 1997, pp. 37—40
The ex t ra cellular enzyme act ivit ies in aquat ic
environments are of monitor ing significance.
Dissolv ed alkaline phosphatase act ivit ies
( APADiss) at the lit toral out falls , w hich receive
the domest ic w aste w ater were signif icant ly
higher than those in pelagic zone in Donghu

Lake. APADiss detected at the out fal ls and in
pelag ic zone show ed different relat ionships
w ith soluble react ive pho spho rus.
Key words : dissolved phosphatase, kinet ics,
characterist ics, spat ial dist ribut ion.

A Study on Bioaccumulation and Biomagnif i-
cation of BHC and DDT in Baiyangdian Lake
Foodweb . Dou Wei, Zhao Zhongx ian ( Inst i-
tute of Zoolog y, Chinese Academy of Sciences
, Beijing 100080) : Chin. J . Environ. Sci . , 18
( 5) , 1997, pp. 41—43
BHC、DDT and their metabolites w ere anal-
ysed in Duancun area f rom Baiy angdian Lake
ecosystem in June 1995. T he content lev els of
pesticides in w ater and bot tom sediments w ere
relat iv ely low er : in w ater, the average values
of BHC and DDT were 0. 3 g / L and 0. 1 g/ L ,
respect ively; in sediments, the residue level of
BHC was same w ith DDT w ith a mean concen-
tration o f 0. 7 g / kg( w et ) . The or ganochlorine
insect icides content in aquatic o rganisms w as
much higher: the average concentration of
BHC in hydr ophytes, planktons, benthic
macroinver tebrates, y oung-o f-the-year Car as-
sius aur atus and 2-year-old Ophiocephalus cri s-
pus was 19. 0, 30. 0, 60. 9, 17. 2 and 110. 7 g /
kg, respectively ; for DDT , the content se-
quence w as 6. 3, 21. 0, 37. 9, 19. 4 and 124. 4g /
kg, respect ively. So the lipophilic nature and
low biodeg radat ion rates o f BHC and DDT led
to the accumulat ion of these compounds and
subsequent magnif icat ion of concentrat ion in
org anisms pr ogressing up the fo od chain. DDT
had a much pro found bioaccumulat ion po ten-
t ial than BHC fo r the bio concentration factor
of DDT in or ganisms ( 63. 3- 1244) w as w ell
above that of BHC ( 63- 369) . T he rat io s of
BHC isomer s monito red in or ganisms( > >
> ) w ere dif ferent f rom that in w ater and sed-
iments( > > > ) . T he predominant DDT
derivat ive w as p, p'-DDE. Base upon the ob-
served that the orig inal DDT ( P , P'-DDT) w as
indent ified in some specimens, it has been con-
cluded that ther e w as a recent input of DDT to
Baiyangdian Lake.
Key words: Baiy angdian Lake ecosystem ,
BHC, DDT , foodw eb, the bioconcentration fac-
tor.

Joints Toxicities of Heavy Metals and Pesti-
cides to Pagrosomus maj or and Rhabdosargus
sarba Larvae. Dai Jiayin, Zheng Weiyun, Wang
Shuhong ( Environ. Sci. Res. Centre, Xiamen
University , Xiamen 361005) : Chin. J . Envir on.
Sci. , 18( 5) , 1997, pp. 44—46
T he addit iv e index o f coef fects w as used to
study the tox icities o f Cu-Mn, Cu-isofenphos-
methy l and methamidphos-isofenphos-methyl
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