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摘要　以真鲷和平鲷幼体为实验材料,采用联合指数相加法,研究了重金属和农药对真鲷和平鲷幼体的急性毒性

和联合毒性效应.实验结果表明:铜、锰、甲胺磷和甲基异柳磷对真鲷和平鲷幼体的毒性顺序是:甲基异柳磷> 锰>

铜> 甲胺磷.甲胺磷和 Mn 对真鲷和平鲷幼体毒性相同; Cu 对2种鱼的毒性几乎相同;而甲基异柳磷对真鲷的 96h

LC50为0. 02mg/ L,对平鲷幼体的96h LC50为0. 0014mg /L ,前者是后者的14倍.对真鲷,甲基异柳磷的毒性比甲胺磷

毒性大175倍,而对平鲷幼体,甲基异柳磷的毒性比甲胺磷毒性竟大2500倍.联合毒性实验结果表明:铜-锰、铜-甲基

异柳磷对真鲷和平鲷幼体的联合毒性为拮抗作用,甲基异柳磷-甲胺磷的联合毒性为协同作用.
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　　关于重金属和农药污染对海水养殖造成影

响的研究工作, 国内开展了很多研究
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,但多

数是研究单一因子对海洋生物的毒性效应,而

在海水中实际存在着多种污染物,它们的作用

无疑是综合的. 用重金属和农药的单一毒性实

验结果, 往往不能客观地反应污染物共存时对

海洋生物的危害程度,必须研究毒物的联合毒

性效应.

已有研究表明环境因子及重金属对鲷科鱼

类早期幼体存活率有很大影响[ 5] . 但有关重金

属和农药对鲷科鱼类幼体的联合毒性研究尚未

见报道. 本文研究了重金属和农药对真鲷( Pa-

grosomus maj or )和平鲷( Rhabd osargus sarba)

幼体的急性毒性和联合毒性效应,为混合污染

物的联合毒性作用的研究提供一些资料,并为

渔业环境监测, 污染物排放及人工育苗水质管

理提供参考.

1　材料和方法

1. 1　实验材料

联合毒性实验用鱼(真鲷和平鲷)由厦门水

产学院养殖系养殖场提供,真鲷体长范围: 2. 5-

3. 2cm , 平均体重0. 42g , 平鲷体长范围: 2. 8-

3. 5cm ,平均体重0. 60g , 将鱼苗从养殖场运至

实验室,暂养3d后进行实验.

1. 2　试剂

CuSO 4 5H2O ( A. R. ) , K 2MnO 4 ( A. R. ) ,

用蒸馏水分别配成含 Cu
2+
为 2mg / ml , 含

Mn
2+
1. 59mg / ml的母液; 将市售40%(乳剂)甲

胺磷和10% (乳剂) 甲基异柳磷分别稀释成

10000mg/ L 和10mg/ L (根据农药瓶上所标示

的有效成分计算)的母液.

1. 3　实验步骤和方法

( 1)　测定单一毒物对真鲷幼体和平鲷幼

体的毒性　预备实验, 以3倍之差估计3个浓度,

每一浓度用5条鱼苗, 观察24h, 找出铜、锰、甲

胺磷和甲基异柳磷的100%致死浓度和最大耐

受浓度.

根据预备实验结果按等比级数设5个浓度

组,一个对照组,同时设有一个平行组, 每一浓

度放鱼10尾,随时捞出死亡个体,记录各组鱼苗

24h、48h、96h死亡数,实验容器用体积为6L 的

聚乙烯塑料桶,内装实验液4L 供实验用,实验

期间全天充气,实验用海水采用经沉淀、砂滤的

海水, 盐度26—28, 水温度 25—27℃, pH 为

8. 04—8. 01, 为防止饵料影响, 实验期间不喂

食.



以浓度的常用对数为横坐标, 死亡率的概

率单位为纵坐标, 求出各自的半数致死浓度

( LC50) .

( 2)　联合毒性实验　在单一毒性的基础

上,按毒性单位1 1进行5个浓度组的联合毒性

实验,其中真鲷幼体的毒性实验配比是:铜和锰

是6. 4 1, 甲胺磷和甲基异柳磷是50 1, 铜和甲

基异柳磷是25 1, 平鲷幼体毒性实验的配比是:

铜和锰的浓度比为6. 4 1,甲胺磷和甲基异柳磷

的浓度比为200 1, 铜与甲基异柳磷浓度比为

133 1, 各试验组均设平行组, 分别记录各组

24h、48h、96h 的死亡个体数.

( 3)　联合毒性的评价方法　实验得到单

一毒性和联合毒性 LC50后,用水生毒理联合效

应相加指数法求 S
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S =
A m
An

+
Bm
Bn

+
Cm
Cn

式中, S 为对海洋生物毒性相加之和, A、B、C

分别为实验毒物, m、n 分别为单一毒性 LC50值

及混和毒物 LC50值.若 S≤1时,相加指数 A I=

1/ S- 1. 0; S > 1时, A I= S ( - 1) + 1. 0, 最后用

相加指数 ( Adit ive Index )法评价毒物的联合

效应, A I> 0时为协同作用; A I< 0时为拮抗作

用; AI = 0时,为相加作用.

2　实验结果与讨论

2. 1　Cu、Mn、甲胺磷和甲基异柳磷对真鲷和

平鲷幼体的单一毒性作用.

实验测得Cu、Mn、甲胺磷和甲基异柳磷对

真鲷和平鲷幼体的96h 半数致死浓度(表1) . 从

表1可见4种污染物对真鲷和平鲷幼体的毒性顺

序是:甲基异柳磷> M n> Cu> 甲胺磷, 4种污染

物中锰对真鲷和平鲷幼体的毒性作用相同,甲胺

磷亦是如此,铜对真鲷和平鲷幼体的96h 的半数

致死浓度分别为1. 65、1. 78mg / L , 毒性也几乎

相同,而甲基异柳磷对真鲷和平鲷幼体96h 半数

致死浓度分别为0. 02和0. 0014mg/ L ,二者相差

14倍,对真鲷,不同污染物其毒性也有很大差别,

如甲基异柳磷的毒性是甲胺磷的175倍,对平鲷,

甲基异柳磷的毒性是甲胺磷的2500倍.

表1　污染物对真鲷和平鲷幼体的半数致死浓度

实验鱼类
96h LC50/ mg L-1

Cu Mn 甲胺磷 甲基异柳磷

真鲷 1. 65( 1. 4-1. 9) 0. 26( 0. 19-0. 33) 3. 5( 3. 36-3. 63) 0. 02( 0. 01-0. 03)

平鲷 1. 78( 1. 55-2. 01) 0. 26( 0. 19-0. 33) 3. 5( 3. 36-3. 63) 0. 014( 0. 0008-0. 002)

　　铜、锰是生命活动所必需的微量元素, 构成

酶的活性基团,或是酶的组成成分,但当其浓度

超过生物的生态阈值时,会引起生物中毒. 铜和

锰都是水环境优先污染物. 本实验结果表明,高

价锰的毒性比铜离子强, 据文献 [ 7]报道它们的

毒作用机理是: 高价锰可显著减少琥珀酸脱氢

酶 ( SDH) 和细胞色素氧化酶( CCD)的活性,

Cu2+ 可使肝溶酶体膜磷脂发生氧化反应,导致

溶酶体膜的破裂, 水解酶大量释放,从而引起肝

组织坏死.

本实验结果表明, 甲基异柳磷比甲胺磷对

真鲷幼体的毒性大175倍,对平鲷幼体毒性竟大

2500倍. 甲胺磷和甲基异柳磷都是胆碱酯酶

( ChE)的强烈抑制剂, 但甲胺磷对 ChE 的抑制

作用比较慢, Eto 等人认为甲胺磷在活体内抑

制 ChE的过程首先是 CH 3 S—P 键中硫原子氧

化成亚砜,然后通过这一具有活性中间产物抑

制机体的 ChE
[ 8] . 因此,它属于间接 ChE 抑制

剂,并且蓄积作用也不强,所以对水生生物来说

相对毒性较低, 96h半数致死浓度达3. 5mg/ L .

我国目前对农药毒性分级标准,农药对鱼类的

96h LC50的值大于10mg/ L 时, 为低毒农药,介

于1—10mg / L 时为中毒农药, 小于1mg / L 时为

高毒农药,根据这一标准,本实验结果说明甲胺

磷属中毒农药 , 甲基异柳磷属于高毒农药,但

根据陈碧鹃 [ 9]等报道:甲基异柳磷对紫贻贝的

96h LC50值为2. 4mg / L , 本实验结果甲基异柳

磷对真鲷和平鲷幼体的96h LC5 0分别为0. 02、
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0. 0014mg/ L , 根据农药评价标准将得出同一种

农药属不同毒性等级的结论, 这主要是因为生

物耐污能力不同, 通过比较可以看出紫贻贝耐

受能力最强,真鲷和平鲷幼体的敏感性都高于

紫贻贝, 其中贝类耐受甲基异柳磷的能力比真

鲷高120倍, 比平鲷幼体高达1700倍, 这些结果

可为安全使用农药或进行农药的环境安全评价

提供一个毒性定量关系的参考依据, 同时也说

明评价农药毒性时应选择敏感生物作为指标.

甲基异柳磷对真鲷和平鲷幼体毒性大小的差异

还可能是对不同鱼类的乙酰胆碱酯酶的反应不

同,或是不同鱼类乙酰胆碱酯酶结构的差异所

造成. 另外农药本身的差异如甲基异柳磷难溶

于水, 而甲胺磷溶于水, 甲胺磷属间接毒性,也

是主要原因之一.

2. 2　联合毒性作用

在单一毒性实验的基础上, 按毒性单位1 1

进行联合毒性实验,测得铜-锰、铜-甲基异柳磷

和甲胺磷-甲基异柳磷对真鲷和平鲷幼体的联

合作用的96h 半数致死浓度(表2—4) .

表2　Cu和Mn 对真鲷和平鲷幼体的联合毒性

实验鱼类
96h LC 50/ mg L- 1

Cu Mn
A I 作用

真鲷 2. 2 0. 3 - 1. 48 拮抗

平鲷 2. 1 0. 3 - 1. 33 拮抗

表3　Cu和甲基异柳磷对真鲷和平鲷幼体的联合毒性

实验鱼类
96h LC 50/ mg L- 1

Cu 甲基异柳磷
A I 作用

真鲷 1. 346 0. 054 - 2. 51 拮抗

平鲷 1. 198 0. 002 - 1. 09 拮抗

表4　甲胺磷和甲基异柳磷对真鲷和平鲷幼体的联合毒性

实验鱼类
96h LC 50/ mg L- 1

甲胺磷 甲基异柳磷
A I 作用

真鲷 1. 8 0. 009 0. 04 协同

平鲷 1. 75 0. 006 0. 09 协同

　　从表2中可看出,铜、锰对真鲷和平鲷幼体

的联合毒性实验所得的相加指数 A I 分别为

- 1. 48、- 1. 33都小于0,其结果为拮抗作用,即

当二者同时存在时毒性减弱, 铜和锰之间的拮

抗关系的发生可能是铜竞争与锰结合部位,从

而铜抑制了锰的吸收,这与王安利等
[ 10]
研究的

铜、锰对中国对虾仔虾的联合毒性也是拮抗关

系这一结论相同.

从表3中可见铜和甲基异柳磷对真鲷和平

鲷幼体的联合毒性所得的相加指数分别为

- 2. 51、- 1. 09, 均小于0,也属拮抗作用, 表4列

出了甲胺磷和甲基异柳磷联合毒性所得的相加

指数均大于0,联合作用为协同作用.

甲胺磷和甲基异柳磷96h联合毒性实验结

果为协同作用,二者联合作用具有增毒、提高药

效的作用.从有机磷农药对真鲷和平鲷幼体单

一毒性和联合毒性 LC50值比较来看,不同的有

机磷农药有的对不同生物毒性相同, 有的毒性

差别很大.主要原因既同农药结构不同有关,也

同鱼类本身生理功能(主要是酶结构)差异有

关,而农药联合作用的毒性是各农药之间相互

作用的结果,毒性大小主要同农药单剂的结构、

毒性 LC50值和有效浓度及农药的选择性有关.

因此正确地预测农药联合毒性效应, 还必需深

入分析各农药的结构与毒性大小的定量结构关

系( QSAR) ,以及毒作用机制.

铜和甲基异柳磷的作用是拮抗关系,

St romg ren 等报道: 石油和铜的混和污染对贻

贝壳的生长和摄食影响的关系是拮抗关系,而

不是简单的叠加关系相类似, 但目前对这种拮

抗机制还没有做出合理的解释.笔者认为本实

验很可能是有机磷农药对神经系统的麻痹作用

减少了对铜的吸收,从而减少了铜的毒性.

当然联合作用方式可随观察指标的不同而

有差别,实验结果也不宜任意外推现场条件,否

则会得出错误的结论.

3　有机磷农药联合作用的危险评价

当多种农药共存时,尽管其毒性不同,但对

生物的作用方式和性质是相似的,其联合毒性

可以被一定量的其它农药所代替.而农药的有

(下转第54页)
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因而用脱氮硫杆菌处理垃圾填埋场硝化渗滤污

水时需要消耗碱度.

从图10中还以看出,产气速率存在一个最

高值,表明此时 NO
-
3 -N 去除速率达到最大.

图10　进水硝酸盐浓度与产气速率的关系

3　结论

( 1)脱氮硫杆菌处理垃圾填理场硝化渗

滤污水是可行的. 当HRT 为5. 71h时, NO
-
3 -N

处理浓度高达400mg / L ,处理效率接近100% .

( 2)达到完全反硝化所需的最小 HRT 取

决于硫磺粒径及进水硝酸盐浓度.

( 3)在 HRT 恒定的条件下, 达到完全反硝

化所能处理的最高硝酸盐浓度与硫磺粒径有

关.

( 4)最大硝酸盐体积负荷取决于硫磺粒径,

但最大表面负荷是自养反硝化过程的控制因

素,与硫磺粒径无关.

( 5)自养反硝化过程除产生大量氮气外,还

有一定量的 CO 2.
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效浓度以相同的毒性单位表示时,那么,联合作

用的有效浓度为单一农药的有效浓度之和,即

c = ∑
n

i= 1
ci

如果将联合作用的有效浓度 c和联合毒性 LC50

值的比定义为危险度(W ) ,

W = c
LC 50

当 W = 1时, 相当于海域中的农药的总有效浓

度 LC50值.西内康浩( 1986) [ 11]曾把危险度分为

3级, 当 W≤0. 1时为低毒; 0. 1< W < 5. 0为中

毒毒性;W≥5. 0时为剧毒.此危险评价在海域

农药污染的联合毒性的评价时,具有实际应用

价值.
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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. 906×103

H+ 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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on Pagr osomus maj or and Rhabdosargus sar-
ba. The acute tox icit ies o f the four pollutants
w er e in the sequence of isofenphos-methy l>
M n> Cu> methamidpho s. M n and methamid-
phos w ere equivalently tox ic to P . maj or and
R. sarba, Cu was almost equivalent ly to xic to
them , while the 96h median lethal concentra-
tions of isofenpho s-methyl w ere 0. 02mg / L
fo rP . maj or , and 0. 0014mg / L forR . sarba, re-
spect iv ely . The tox icity of iso fenphos-methyl
fo r P . maj or was 13 times higher than that for
R. sarba. T he tox icity of iso fenphos-methyl
w er e 174 t imes higher than that of methamid-
phos for P . maj or. The to xicity o f iso fenphos-
methy l w as 2500 t imes that of methamidphos
fo r R . sarba. The addit iv e tox icity o f Cu-M n
and Cu-isofenpho s-methyl for tw o species
fishes w as show n to be antagonist ic, w hile
that of methamidphos-isofenphos-methyl w as
synerg ism.
Key words: P . maj or , R. sar ba, Cu, M n, math-
amidpho s, isofenphos-methy l, joint toxicity .

Microbial Treatment Technology f or the Elec-
troplating Wastewater. W u Qianjing et al.
( Chengdu Institute o f Biolog y, Chinese Acade-
my of Sciences, Chengdu 610041) : Chin. J . En-
viron. S ci . , 18( 5) , 1997, pp. 47—50
This paper has reported the new technology of
elect roplat ing w astew ater and sludge t reated
by m icrobies on the basis o f fundamental re-
search, experiment and pilot scale. T he demon-
st rat ion project built on Chengdu Jinjiang
Elect ronic Machine Facto ry has go t a good re-
sult . Since then, four processes w hose t reat ing
capacity ranged from 1 to 175 tons/ d in
Chengdu Hong Guang Indust ry Lim ited Com-
pany, Chinese People Liber ation Army 5701
Factory etc. w er e established. The processes
have run steadily , safely and reliably for tw o
years. T he level of chromium , zinc, copper,
nickle, cadmium , lead, COD, BOD, SS, pH, co l-
or deg ree and NH3-N in ef fluent is below the
nat ional GB8978-88 discharg e standard. The
w ater of eff luent can be r eused, the recovery of
heavy metal o f sludge can r each above 85%.
Key words: m icrobe, elect roplating w astew a-
ter , heavy metal , treatment technolog y,
sludge, reused, recovery.

Denitrification of Landfil l Leachate by
Thiobacillus denitrif icans. Koenig Albert
( Dept . of Civ il and Structural Eng. , T he U ni.
of Hong Kong ) , Liu Ling hua ( Water Qual ity
Research Center , China Inst itute of Water Re-
sources and Hydropow er Research, Beijing
100044) : Chin. J . Env iron. Sci . , 18( 5) , 1997,
pp. 51—54
The feasibility o f nitr ate removal f rom nit ri-

fied landf il l leachate in reactors w ith dif fer ent
sulfur part icle size w as studied. T he results in-
dicate that the reactor w ith sul fur part icle
size of 2. 8- 5. 6 mm can effect ively remove ni-
trate from nit rified leachate up to a concentra-
t ion of 400 mg / L NO

-
3 -N at a hydraulic reten-

t ion t ime o f 5. 71h; the m inimum hydraulic
retent ion t ime necessary for complete denitrif i-
cat ion depends on sulfur par ticle size and in-
fluent nit rate concentrat ion; the maximum
volumetric loading rate o f NO

-
3 -N depends on

sulfur part icle size and is appr oximately 594,
278 and 175. 4g / ( m

3
d) for sulfur part icle size

of 2. 8- 5. 6mm, 5. 6 - 11. 2mm and 11. 2-
16mm, r espect ively ; the max imum area
loading rate of N O-

3 -N, approx imately0. 68g /
( m

2
d) , appears to be the pro cess limit ing fac-

tor and is pr act ically independent of sulfur
par ticle size.
Key words: autot rophic denit rif icat ion,
bio film , T hiobacillus denit rif icans, sulfur ,
landf il l leachate, nit rate removal.

A Study on Treatment of Chemithermo-
mechanical Pulping Wastewater with the New
Technology by Combining ICZS and Activated
Sludge Method. Chen M in ( Guangdong Uni. of
T ech. , Environ. & Resource Eng. Dept . ,
Guangzhou, 510090) , Songnien Lou and H C
laude Lavall e ( Universit du Qu bec T rois-
Riv i res, Qu bec, Canada, G9A 5H7) : Chin. J .
Environ. S ci . , 18( 5) , 1997, pp. 55—58
It is invest igated that the tr eatment of
Chem ithermomechanical Pulping ( CTMP )
w astewater w ith new techno logy by combining
Zone of Biolog ical Populat ion selection ( ICZS )
and act ivated sludge method. T he control of
sludge bulking in act ivated sludge system of
CTMP treatment w ith this technolog y is dis-
cussed. T he three month experiments show ed
that the slow ness o f filamentous m icroo rgan-
ism g row th is achiev ed and the sludgebulking
is contro lled w ith ICZS pret reatment by con-
trolling DO below 0. 06 mg/ L and pH 7- 7. 6.
T he biolo gical t reatment system w ith combin-
ing ICZS and act iv ated sludge method can ob-
tain ef ficient t reatment . Removal of BOD5 ,
COD and TSS is above 97%, 80% and 90%
respect ively. ICZS pretreatment can remove
49. 0% - 62. 5% BOD5 and 18. 5% - 21. 9%
COD w ith only 20 minutes of HRT.
Key words : act ivated sludge, chemithe rmome-
chanical pulping w astew ater, sludge bulking
contro l, f ilamentous m icroo rganism, zone of
bio logical populat ion select ion, BOD5 , COD,
T SS.

Numerical Simulation and Prediction for
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