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厌氧附着膜膨胀床工艺活性污泥特性的研究*
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摘要　对厌氧附着膜膨胀床( AAFEB)反应器中活性污泥的特性进行了研究.结果表明,载体上生物膜的形成和发

展经历吸附、局部挂膜和完全挂膜 3个阶段,在此过程中,微生物种群演变由以球菌占优势, 逐步过渡到丝状菌占

优势,厌氧污泥的活性随之提高.酸化状态下的活性污泥表面有许多链球菌和大量的胞外多聚物,污泥活性较低.
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　　厌氧附着膜膨胀床( Anaerobic At tached

microbial F ilm Expanded Bed, AAFEB)反应器

是 Jew el l于 70年代中期研制的厌氧消化工

艺,已成功地用于处理不同类型和浓度的有机

废水[ 1- 5] .在这种反应器内,厌氧微生物被固定

在载体上,形成具有生物膜结构的活性污泥,为

AAFEB 反应器高效稳定地运行创造了重要的

条件.研究厌氧活性污泥的特性,有助于探明该

工艺运行的微生物学机制, 为进一步研究推广

高效A AFEB反应器提供理论依据.

1　材料与方法

1. 1　试验装置

供试 AAFEB反应器用有机玻璃制成, 容

积为 1. 7L . 内充填烟囱灰作载体, 其粒径<

1mm . 反应器纵向设有 2个取样口, 彼此相距

25cm. 床层膨胀率控制在 10% - 20% .装置与

工艺流程见图 1.

1. 2　供试废水

为了稳定进水样的性质,采用模拟废水(成

分见表 1) . 进水 COD 浓度控制在 5000mg / L

左右,水温 28℃左右.

表 1　模拟废水的成分

组　成 蔗糖 酵母膏 NH4Cl KH2PO4 K 2HPO4·3H2O NaHCO3

含量/ g·L
-1 27. 5 0. 3 7. 3 2. 5 1. 3 33. 0

1. 3　分析项目与方法

最大比产甲烷速率: 间歇试验方法 [ 6] . 最大

比产酸速率: 采用间歇试验法培养污泥,用 3,

图 1　AAFEB反应器装置和工艺流程

1. 进水贮瓶　2. 进水蠕动泵　3. 回流蠕动泵

4. AAFEB反应器　5. 污泥取样口　6. 气液固三

相分离器　7. 出水贮瓶　8. 湿式气体流量计

5-二硝基水杨酸比色法测定葡萄糖浓度,以单

位污泥单位时间内去除的葡萄糖量( g / gVSS·

d)表示污泥的最大比产酸速率. 脱氢酶活性:

T TC ( 2, 3, 5-氯化三苯基四氮唑)法
[ 7]

.生物膜

厚度: 用测微尺测定厌氧颗粒污泥的生物膜厚

度,每次取样 50粒,计算均值. 微生物相观察:

采用 Olympus相差显微镜、荧光显微镜、JEM -

1200EX 型透射电镜和 EM -ASID10型扫描电

镜.其它常规测定:参照《环境监测标准分析方

法》[ 8]和《沼气发酵常规分析》[ 9] .



2　结果与讨论

2. 1　生物膜的形成和发展

在 AAFEB 反应器内,充填供微生物附着

生长的烟囱灰载体, 用扫描电镜观察发现其表

面有许多微孔、裂缝和凹陷(图 2) .

图 2　烟囱灰载体的扫描电镜照片(标尺: 6 m )

载体上生物膜的形成和发展大致经历 3个

阶段:

( 1)吸附　接种污泥中的一些微生物絮体

被吸附至载体表面.取样镜检发现,载体表面的

某些部位有微生物絮体附着,但结合比较疏松.

该阶段持续 15d.

( 2)局部挂膜　附着于载体微孔、裂缝、凹

陷部位的微生物利用基质生长繁殖, 在局部首

先形成新生生物膜.这一阶段也需 15d.

( 3)完全挂膜　新生生物膜不断发展, 并覆

盖整个载体表面. 此阶段需 30d.

反应器运行 50d完成起动, 起动过程中反

应器的主要效能变化如图 3. 经过 60d 培育,载

体上形成厚度为 20 m 的生物膜.随着微生物

在载体上的继续增殖, 生物膜逐渐增厚,生物膜

厚度随时间的变化曲线如图 4所示.

2. 2　厌氧活性污泥的微生物组成

用于起动反应器的接种污泥中存在着球

菌、杆菌、丝状菌、螺旋菌和原生动物等,以球菌

占优势. 运行至 32d 时, 杆菌和球菌的数量均

等,丝状菌数量明显增加, 至第 60d,丝状菌成

为优势菌,它们相互缠绕形成网状结构,其它形

状的细菌镶嵌于此结构中(图 5) ,在荧光显微

镜下可见许多细菌能发射出较强的荧光,说明

活性污泥中含有许多产甲烷细菌,这种十分活

图 3　起动过程中容积产气率、容积 COD有机负荷、COD

去除率的变化

1. 容积产气率　2. 容积 COD 有机负荷　3. COD 去除率

图 4　生物膜厚度的变化曲线

跃的丝状菌类似于索氏甲烷丝菌( M ethanoth-

rix soehngeni i) .

　图 5　稳态运行期间活性污泥表面的扫

描电镜照片(标尺: 0. 6 m)

2. 3　厌氧污泥的活性分析

污泥活性指标的最大比产酸速率、最大比

产甲烷速率和脱氢酶活性的变化曲线见图 6,

污泥活性呈逐渐提高趋势, 观测表明反应器运

行效能也相应提高,处于正常稳态运行的状况.

2. 4　酸化状态下活性污泥的性状变化

本试验中, AAFEB 反应器在稳态运行期

间 , 平 均 容 积 COD有 机 负荷 为 1 6 . 1 3
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图 6　厌氧污泥活性的变化曲线

1. 最大比产甲烷速率　2. 最大比产酸速率　3. 脱氢酶活性

g / ( L·d) , COD 去除率为 90. 06% , 容积产气

率为 7. 56L/ ( L·d) , 沼气的甲烷含量稳定在

60%- 70%之间. 连续稳态运行 120d 后,给以

冲击负荷, 使之超负荷运行, 造成反应器酸化

(表 2) .

表 2　反应器酸化的相应运行参数

运行时间

/d

进水 CO D浓度

/ mg·L- 1

容积 CO D有机负荷

/ g·( L·d) - 1

COD 去除率

/ %

容积产气率

/ L·( L·d) - 1

171 4987. 28 40. 11 47. 41 9. 32

173 5015. 87 38. 28 50. 22 9. 61

175 5100. 31 38. 94 50. 73 9. 47

177 4907. 31 20. 33 63. 81 6. 35

179 5002. 73 18. 22 63. 92 5. 71

181 4878. 98 16. 35 65. 14 5. 32

185 4991. 71 15. 29 65. 22 5. 08

190 5003. 52 16. 71 64. 81 5. 13

　　采用光学显微镜和电子显微镜观察,可以

看到酸化状态的活性污泥表面发酵性细菌过度

生长, 出现许多链球菌(图 7) .而在正常运行状

态下的活性污泥表面很少见到这种链球菌.链

球菌的大量出现, 使污泥的活性降低,经测定,

最大比产酸速率由 13. 20g / ( gVSS·d)下降至

8. 14g/ ( gVSS· d) , 最大比产甲烷速率由

360. 42m l/ ( gVSS·d) 降为 168. 37ml/ ( gVSS

·d) ,脱氢酶活性由 15. 72mg / ( gVSS·h)降至

8. 20mg / ( gVSS·h) .

通过镜检比较正常状态和酸化状态的活性

污泥性状,还可以发现,正常的活性污泥比较密

实,而且类似细纤维状的胞外多聚物较少; 酸化

　　图 7　酸化状态下活性污泥表面的扫

描电镜照片(标尺: 0. 6 m)

状态的活性污泥膜结构疏松, 同时胞外多聚物

急剧增加,交织成犹似一张巨网.胞外多聚物粘

性较大, 对有机酸在生物膜中的传质过程产生

阻碍,这也是导致有机酸积累,反应器处于不正

常状态的原因之一 .

3　结论

( 1)微生物优先选择载体上的微孔、裂缝和

凹陷部位附着和生长繁殖, 在局部形成生物膜.

( 2)随着载体上生物膜的形成和发展,类似

于索氏甲烷丝菌的细菌逐步取得优势, 与此相

应,表征污泥活性的最大比产酸速率、最大比产

甲烷速率和脱氢酶活性逐渐提高.厌氧活性污

泥形成过程是一个微生物种群演变的过程.

( 3)酸化状态的活性污泥表面,发酵细菌的

组成发生变化,可观察到很多链球菌,并出现大

量的胞外多聚物,污泥活性降低,影响反应器正

常运行.
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Changchun 130023) , Xu A ijun et al ( Chinese No rth-

east Instit ut e of M unicipal Eng ineering Design,

Changchun 130021) : Chin. J . Envir on. Sci. , 18( 1) ,

1997, pp. 38- 41

The M n2+ r emov ing activit y of t he filter sand fr om 2

Chinese W ater Plants w as ana ly zed to det ermine t he

ro le o f the bacter ia in t he M n2+ rem oving Procession.

Enumeration of bacter ia on PYCM medium show ed

that there w ere 105- 106 bacter ia per g w et sand and

about 40% - 50% of the colonies had the abilit y to ox-

idize M n2+ . By t he in situ enrichment of the bacter ia,

steriliza tion and the HgCl2 inhibition of the matur e

sand, it w as found that bacteria w ere indispensable to

the maintenance of t he act ivity of the sand. W hen t he

bacterial activity w as inhibited, the activit y of t he sand

w as reduced to20% of the or ig inal one. T he r emaining

activ ity might be due to the chemical catalysis. Bacte-

ria were the major source of t he M n2+ removing activ i-

ty o f the filter s.

Key words: g r oundw ater , M n2+ , bact eria , chemical fac-

tor s, filter sand.

A Study on the Characteristics of the Activated Sludge

for Anaerobic Attached Microbial Film Expanded Bed

Process. Zhang Jianli and L i L ijian ( Dept. o f F ood Sci-

ence, Laiy ang Ag r icultur al College, Laiyang 265200) ,

Feng Xiaoshan ( Dept . o f Envir on Science, Zhejiang A-

gr icult ur al Univer sity , Hangzhou 310029) : Chin. J . En-

vir on. S ci . , 18( 1) , 1997, pp. 42- 44

The chara ct er istics o f activat ed sludge in the anaerobic

attached microbial film expanded bed ( AAFEB) reacto r

w ere studied. T he r esults show ed that t her e w ere

thr ee consecut ive phases in the cour se of biofilm fo r-

mation and development , namely , adsorbtion phase,

partly co ating phase and fully coating phase. ln t his

pro cess, the pr edominant micr oo rg anisms w ere

changed gr adually fr om coccus to filament ous or gan-

isms, which caused anaerobic sludge act ivity increas-

ing . Under the acidificat ion condit ion, ther e w ere a lot

of str eptococcus and ex tr acellula r polymer on the sur-

face of activ ated sludge , and the sludge act ivity w as

low .

Key words: anaerobic attached micr obial film expan-

ded bed reactor , anaer obic activated sludge, biofilm.

Catalytic Properties of Two Kind of Catalysts in

Toluene Combustion Reaction. L i Shiy ao, Li Shulian et

al. ( Dalian Instit ute of Chemical Physics, Chinese A-

cademy of Sciences, Dalian 116023) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 45- 47

To luene or ganic exhaust s w ere r egarded as index reac-

tion in evaluating the catalytic perfo rmance of honey-

comb cer amic mono lith cat aly st s consisting of noble

metals and non-noble metals r espectiv ely by means of

a continuous system w ith a fix ed bed of catalysts. T he

effect of to luene concentr ation and oxygen cont ent in

the exhaust , space velo city , linea r v elo city on toluene

r eact ion, and the thermal stability o f cataly st s w ere in-

vestigated. It is found t ha t t he activ ity o f noble metal

catalyst is superior than that of non-noble metal cata-

ly st under differ ent conditions. The light -off tempe-

rature of toluene exhaust on non-noble metal cata ly st

is by 50℃ higher t han t hat on noble meta l catalyst af-

ter catalysts calcine at 600℃ fo r 3h. M eanw hile, after

catalysts calcine at 900℃ fo r 3h , the light-off tempera-

ture o f t oluene exhaust on noble metal catalyst in-

creases only by 3℃ as compared w ith the calcination o f

600℃ for 3h. But under same condition, the light -o ff

tempera ture o f toluene exhaust on non-noble metal

catalyst incr eases by 87℃.

Key words: combustion r eaction of to luene exhaust,

honeycomb cer amic monolith catalyst, thermal stabili-

ty , light -off t emperature .

Photochemical Disinfection of Wastewater. Kong

L ingr en, Chen Xi et al. ( Dept. o f Environ. Sci. and

Eng. , Nanjing Univer sity , 210093) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 48- 50

A new method of pho tochemical disinfect ion for

w astewat er fr om Nanjng city was invest ig ated. By ae-

rating and using met hy lene blue ( M B) as pho tosinsi-

tizer , t he wastew ater samples were disinfected under

sunlight and a medium pressure mercury lamp sepa-

rat ely . T he r esults w ere as fo llow s: ( 1) The disinfec-

tion o f w astew ater w ere remarkably aff ected by the

light sour ces, lig ht intensit y, ir r adiaded time, M B con-

cent ration and disso lved oxygen; ( 2 ) T he bact eria

w hich w ere disinfected by UV could be par tially pho-

tor eactiv ated under sunlight; ( 3) The disinfection rat e

could r each 100% and t he bacter ia pho tor eactiv ation

w ere no t appeared w hen l liter of the sample contain-

ing 3. 1×106 bacteria and 2 mg M B were ir radiaded by

a 300W medium pressur e mercur y lamp for 4 min; ( 4)

The residual M B in the samples could be removed by

bent onite clay. The disinfection mechanisms o f UV

and photo sensit ization, t he bacter ia pho tor eactiv etion

and the effects fo r affecting disinfection were dis-

cussed.

Key words: photo chem istry , pho tosinsitization, UV ir-

radiat ion, disinfection.

Summary of Studies on the Ecology of Lake Donghu.

L iu Jiankang and Huang Xiang fei ( Instit ut e of Hydro-

biolog y , Chinese Academy o f sciences, Wuhan

430072) : Chin. J . E nv ir on. Sci. , 18( 1) , 1997, pp. 51-

53

Taking the Donghu ( in Wuhan) , a representative lake

of the middle and low er basins o f Chang Jiang R iver as

a base, the present pro ject has conducted st ationa ry

monitor ing and sy st ematic resear ches on t he ecolog y o f

Lake Donghu for mo re than 30 year s. Achievements o f

the studies include t he estimation of the budget s for

the main nutr ients nit ro gen and pho sphorus of the

lake, as w ell as t heir distr ibution and accumulat ion in
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